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ABSTRACT

The Common Data Link (CDL) is a full duplex, point to-point microwave
communications system used in imagery and signals intelligence collection systems. L
provides a link between two remote Lucal Area Neiworks (LANs) aboard collection and
surface platforms. In a hostils environment, there is an overwhelming need to dvnamicaliy
monitor the link and thus, limi* the impact of jamming.

This work describes steps taken to design, model, and evalua & hink monitoring
systemn suitable for the COL. The monitoring sysicm is based on features and monitoring
constructs of the Link Control Protocol (LCP) in the Point-to-Point Proiocol (PPP) suite.
The CDL model 1s based on a system of two remote Fiber Distributed Data Interface
(FDDI) LANs. In particular, the policies and mechanisms associated with monitoring are
described in detail. An implementation of the required mechanisms using the OPNET

network engineering tool is described. Performance data related to monitoring parameters
1s reported. Finally, integration of the FDDI-CDL model with the OPNET Internet model

1s described.
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1. INTRODUCTION

A. CDL OVERVIEW

This thesis deals with the Common Dats Link (CDL)}, a project of the Defense Support
Project Office (DSPO). The CDL is a full duplex, point-:0-point microwave data link
designed to provide jam resistant communications between two remote platforms, such as
an airborne asset and a surface platform. The purpose of the airborne piatform is to collect
signal and image intelligence data for transmission over the CDL. In turn, the surface
platform evaluates this data while transmitting command, contrcl, and communications
information back to the aircraft.

The downlink, or return link, operaties at a data rate of 274,176 Megabits per second
(Mbps) as a high rate, or can be scaled down to & low rate of 10,71 Mbps. It is a multiplexed
data stream of bit pipes, ranging in rates from 25 Kilobits per second (Kbps) to 42.84 Mbps.
The bit pipes are hierarchically multiplexed for the 274.176 Mbps configuration as shown
in Figure 1.

The uplink, or command link, operates at 200 Kbps. The transmitted data is comprised
of mostly equipment commands multiplexed with audio and synchronization bits. For the
purposes of this work, it is assumed to be unjammable. This assumption is supported by

current microwave link implementations.

B. OBJECTIVES

The primary objective of this work is ¢to design & link monitoring mechanism and its
associatea constructs for the CDL. Secondly, the mechanism must be modelled in a
computer simulation, in this case using MIL 3, Inc.’s Optimized Network Engineering Tool
(OPNET}), in oirder to evaluate the faithfulness of the monitoring design. Additional model
changes will also be presented to integrate OPNET models of Transmission Control
Protocol/Internct Frotocol (1'CP/P) into the existing CDL-FDDI model. This integrated
CDL network mode! will serve as a building block to evaluate the link’s susceptibility to

jemming, and will aid in development of CDL-specific applications.
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C. SCOPE

The scope of this thesis includes the foilowing.

. Introduce the Point-to-Point Protocol (PPP) and support its use as a basis
for a link monitoring algorithm.

. Present an approach to link monitoring and the issues surrounding the
chosen approach.

. Discuss, and evaluate the link monitcring additions made to the OPNET

model of the remote LAN interconnection using CDL.
. Present changes to existing TCP/IP OPNET models to utilize them with
the enhanced network model.

D. ORGANIZATION

Chapter II provides an introductio.. to PPP and its integration into the CDL scheme.
Chapter ITI delineates issues involved in deveioping the chosen link monitoring algorithm
as well as an overview of the process itself. Chapters IV thraugh VI deal with the OPNET

implementation of both link monitoring and the TCP/IP models. Conclusions and

recommendations are listed in Chapter VII.




II. POINT-TO-POINT PROTOCOL (PPP)

Requirements tor the CDL network interface (NI) have been established and evaluated
by [2]. The recommendations include a remote bridge between the collection and surface
platforms, which is actually a pair of half bridges, each of which connects a LAN to a point-
to-point link. Figure 2 illustrates this remote bridge connection.

The connectivity is to be implemented in the Primary Communication Elements (PCE)
and Surface Communication Elements (SCE) rather than the network layer due to
requurements that the CDL may need to route datagrams from the network layer and bridge
trames from the Media Access Control (MAC). Therefore, some type of link-level protoccl
is necessary for communication and data transmission between the two bridges, and the
Point-to-Point Protocol (PPP) is seen as an ideal choice. Detailed discussion of the level of

connectivity is also included in [2].

A. GENERAL DESCRIPTION

PPP is a data link protoco! standard adopted by the Internet Engineering Task Force
(IETF), the governing body for standards related to the Internet. The goal of PPP is to
provide a standard method for trunsporting protocol data units of multiple protocols over
point-to-point links through a simple encapsulation scheme.

PPP has two sub-protocols associated with it. First is the Link Control Protocol (L.CP),
which is the administrative arm of PPP. The LCP allows a multitude of establishment.
configuration, and testing options. The second sub-protocol is the Network Control
Protocel (NCP). Its purpose is to smooth out incompatibilities between different types of
net - Juvel protocols (e.g. IP, Appletalk, Novell IPX, etc.) and enable their data units to

be L ans.aitted over one point-to-point link.

B. RATIONALE F)R CHOOSING PPP

Using PPP within the remote bridge scheme deals with the bridge communication and

data transmission issues, but further analysis uncovers many additional benefits to the
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CDL. These include increased bandwidth utilization, link monitoring capabil:ties,
dynamic reconfigurstion, and future expandability to network-levei interconnection. Each

of these reasons further supports PPP as the protocol of choice.

1. Maximum Bandwidth Utilization

Current CDL specifications describe a fixed multiplexer hiersrchy on the return
link. This limits the type of equipment from which information can be wansmitted on the
CDL because the equipment must conform to a hard-wired data rate. If the nonconforming
equipment is installed anyhow, a slower unit will waste bandwidth, while a faster unit will
cause overhead in time and extra hardware due to fragmentation requirements. Through
LCP reconfiguration of PPP packet sizes and built-in fragmentation constructs, PPP can
make this multiplexer hierarchy invisible to the applications.

Another difficulty posed by a fixed multiplaxer hierarchy is the irability of the
senders to utilize extra bandwidth that may be avaiiable in the downlink. For instance, if a
piece of equipment breaks or is not being used, the bandwidth it would normally use is
filied with useless padding in order to maintain link synchronization.

PPP provides a resequencing capability to distribute frames to any multiplexer
input and resequence the data at the receiving end, effectively using all available
bandwidth. In jamming scenarios, non-realtime data which can tolerate resequencing-
related delays can be buffered at the source to be sent as bursts over multiple multiplexer

inputs during non-jamming periods.

2. Dynamic Configuration Changes
In most mulitary applications, the effectiveness of equipment relies on its ability
to adapt. Difierent situations call for different capabilities, and in the case of the CDL,, its
deployment in the joint services may force a wide array of platforms to be interfaced with

the link for a variety of missions with different data requirements. Even in any one mission,

information such as imagery may need a higher resolution at different points in time,




Though the equipment may have that capability, 1n 8 fixed muluplexer hierarchy the
appiication-to-iink connection may not be easily altered

PPP offers a solution to this problem through dynamic reconfiguration of the data
lmk using LCP reconfiguration constructs already in piace. Furthermore, PPP can handle
data coming from the onboard FDDI ring, or from a network-level connection with another

platform, all through dynamic configuration.[3]

3. Flexibility and Upward Compatability

Another problem caused by the current f:xed hierarchy 1s that deployment of
newer networking technologies would not be casily possible. Hard-wired data rates and a
fixed muitiplexer hierarchy hinder any long-term expansion plan, which will be necessary
in the quickly expanding field of computer networks. Current research into gigabit-speed
networks and beyond could cause CDL obsolesence even before ite full-scale deployment,
if the approach to the CDL network interface lacks proper vision of the future,

Work reported here is based on our position that PPP is the point-to-point data
link protocol of the future, both for the CDL anc the networking community, in general, It
is an adopted standard, widely used, and easily adaptable to proprietary implementations.
It has been used on T1 and T3 links, high-delay satellite links, and is being considered for
gigabit-speed SONET links. Most importantly, PPP’s flexibility will make CDL ncrtable
and upgradable, allowing for greater deployment, interoperability, and expanding
capabilities in Jine with future technology.

4, Link Monitoring

Jamming is & potential threat in any military application. Even without jamming,
minor interference can play havoc with data intensive links transmitting through the
stmosphere. Some form of error detection, such as frame check sequences (FCS), must be
used to alleviate this problem.

Any data link protocol has some form of error detection. For instance, FDDI has

en BCS on every £

N A mwrn oo - —

1e. This is cxamincd and evaluaied ai ihe uitimate destination. The




error handling could therefore be left as ar end-to-end problem between the source and
destination.

However, in a CDL scenario, errors have a much higher probability of occurrence
over the link itself than on the FDDI rings at either platform. Thus, it makes serise to check
cach frame as it comes across the Link. Unfortunately, for the bridging stations to check
each fraine would require breaking up each frame, FCS calculatior.s, and reframing in order
to transmit on the FDDI ring. This presents an unacceptable overhead and violates the end-
to-end principle.j4]

The solution proposed is to encapsulate every outgoing FDDI frame in another
frame, namely PPP, with error checking being conducted on the higher level instead of
breaking apart the underlying FDDI frame. Alihough PPP is a data link layer protocol just
as FDD], it czn be used to encapsulate the FDDI frame for poin¢-to-point transniission.

Link monitoring also involves reporting the link status. When an FCS is
evaluated, the receiving station knows how the transmission is being affected, but to be of
use in flow contrel, the information must be sent to the transmitting site. PPP has built-in
link quality monitoring constructs, including a Link Quality Report (LQR), whose

transmission frequency can be negotiated at link establishment time.

C. PPF FRAME FORMATS

Encapsulation in PPP is attained by merely attaching a header to the data to be iramed.
Any puacket being transmitted through PPP will be prepended with a 16 bit Protccol
IDentification (PID) which identifies the network protocol which spawned the packet. If
PPP is generating a control frame, it identifies the type of conwrol frame. Additional padding
bytes may be appended to the data, if desired.

Framing requirements are not specifically delineated in the PPP standard 5] to allow
flexibility in imp)ementation. However a separate standard has been adopted to provide

High-Level Data Link Control (HDLC) framing to PPP frames [6]. This is the only current

PPP framing standard, but it does not preclude a further study into a more suitable framing




method for CDL purposes. In any case, this work assumes PPP will be implemented with
HDLC framing.

1. Multilink Protocol

The Multilink Protocol is a proposed addition to the suite of Internet PPP
standards currently in place[7]. Its primary function is to allow for dynamic changes in the
number and size of point-to-point links between two PPP servers. If this should occur, the
Multilink Protocol enables PPP to maximize its use of the available bandwidth.

It accomgplishes this in three steps, illustrated in Figure 3. First, encapsulated PPP
packets are fragmented, if desired, depending on the data rates of the individual links. This
can be used to transmit each packet across the varying data rates in the shortest time, and
ensuring no one link has data in the transmission pipe longer than any other. Second, all
PPP fragments and other designated PPP packets are further encapsulated with a Mulfilink
header. In turn, these Multilink packets are encapsulated in another PPP header and finally
framed to be transmitted.

The Multilink Protocol format is shown in Figure 4. In the Multilink header, the
sequence number is a 24-bit value used to keep fragments in order. The ‘B’ and ‘E’ bits
designate the beginning and ending fragments of a packet sent in multiple frames. This 4
byte Multilink header may be substituted with a two byte header in which the sequence
number is reduced to 12 bits and the ‘B’ and ‘E’ bits remain intact.

The address, control, and frame check sequence (FCS) fields are specific to the
HDLC framing format, and even so, can be negotiated between the PPP servers to not be

transmitted, thereby eliminating unnecessary overhead.

2. Link Quality Report (LQR)
The Link Quality Report (LQR) 1s an established PPP mechanism which allows a

sender to determine how its data 1s being received at the receiving end ot a point-10-point

link[8). It is composed of 12 32-bit fields containing statistics maintained at the receiver,
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HDLC framing info — Address Oxff Control 0x03
~PP header —|  PID(H) 0x00 PID(L) Ox3d

Multilink header <: B|E|0]0]0|0]0|0| sequence number
sequence number

DATA

Frame Check Sequence

Address: HDLC field - Oxff = all addresses
(Control: HDLC fisld - 0x03 = unnumbered information
PiD: PPP field - 0x003d = PPP Mukilink Protocof
B/E: Muitilink fiag - set when this frame is a (B)eginning or (E)nd
fragment
Sequence Number: Multilink field - prevents reordering of fragments
FCS: HDLC field - checksum field

The Address, Control, and FCS fieids assume HDLC framing, and even <o,
are completely optional.

Figure 4: PPP Multilink Frame Format
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as shown in Figure 5. Upon receipt of an LQR, a station appends another 5 32 bit fields of
its own statistics, bringing the toial size to 544 bits,

The basic premise in the development of the LQR format and transmission
characteristics is that the transmitter will evaluate its own downlink based on statistics of
the link accumulated at the receiving end. These values are grouped into a PPP frame which
will be sent to the transmitting site. The transmitting site can then independently evaluate
the statistics and reconfigure the link as it sees fit, assuming the receiving side agrees with
the changes. Thic procedure supports independence between the transmitter and receiver
wherein the receiver does not need to know any capabilities or characterist:>s of the
transmitter other than those established during link configuration. For CDL purposes,
independence is indeed necessary, but other factors call for significant changes in both the

LQR format and implementation, as well as other aspects of link monitoring in general,

D. SUMMARY

This chapter has presented PPP as a suitable choice for the data link protocol to
interconnect the PCE and SCE over the CDL. This decision is further supported by
nurnerous additional PPP benefits including increased bandwidth utilization, link
monitoring, dynamic link configuration, and future expandability. Relevant PPP frame
formats have also been introduced, nameiy the basic PPP format, Multink protocol, and the
Link Quality Report. These data frame formats, as well as PPP link monitoring constructs,

form the basis for developing a CDL link monitoring mechanism.
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TRANSMITTED FORMAT

Address Control PID
Magic Number
Le >tOutLQRs
LastOutPackets

__LastOutOctets
PoerlinL.QRs
PeerinPackets
Peer!nDiscards
PeerinErrors
__PeerinOctets
PeerCutLGRs
PeerQOutPackets
PeerQuiOctets

APPENDED STATISTICS

SavelnLORs
SavelnFackels
SaveinDiscards

SavelnErrors

SaveinQOctets

Figure 5: PPP Link Quality Report Format




1. LINK MONITORING APPROACHES/ISSUES

A. OVERVIEW

This chapter deals with the development of a link monitoring mechanism, based on

PPP constructs, for the CDL. Figures 6 and 7 graphically vresent the proposed approach,

whichi is outlined below:

1) FDDI frames/datagrams are encapsulated with a PPP header and
framed.

2) 1t necessary, PPP frames are fragmented.

?) PPP frames and fragments are reframed in the PPP Multilink protocol.

4) Pseudo-random monitoring frames are injected into the data stream at a
fixed rate.

5) The stream of PPP frames is distributed amongst multiplexer inputs.

6) FPP frames are pulled off demultiplexer outputs at the receiving end.

7 PPP data frames are decapsulated end the FDD fremes/datagrams are
sent to the appropriate layer for continuing transmission.

8) Errors are detected in monitoring frames, and the results are maintained
in a fixed size history.

9) Using the history length, the fraction of bad packets is calculated.

10) Based on this fraction, LQRs are transmitted at fixed intervals with
information regarding link status (good/bad) and trend since last LQR
(up/down). Link staius is determirned (at the surface platform) based on
hysteresis, to eliminat excessive link fluctuations.

1) LQRs are received and used to determine the necessary actions by the

transmitting stetion.

B. MONITORING PACKETS VERSUS FRAME CHECK SEQUENCES

The first issue confronting CDL link monitoring is whether to use the FCS built into

HDLC-based framing, or use another form oi error detection such as individuai monitoring
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packets. The monitoring packet approach uses either fixed or pscudo-randomi data streams
packetized, framed, and interleaved with regular PPP data frames. At the receiviag end, the
monitoring packets are easily compared to the expected contents, and errors per packet can
be quickly counted without excessive computation.

On the other hand, an FCS requires detailed calculations, and the complexity of the
calculations increases as the number of bit errors to be detected increases. These
computations must be done twice, once before transmission and once after reception. Also,
FCS can never guarantee 100% error detection, whereas preset monitoring packets always

guarantee perfect detection.

C. MONITORING PACKET GENERATION

Three factors play a raajor role in monitoring packet generation. They are packet size,
insertion rate and packet format. Individuslly, each has a major impact on the monitoring
effectiveness, but they must be balanced to avoid unnecessary overhead or undetected link

interference.

1. Packet Size

Monitoring packet size has a clear impact on error detection: the bigger the
packet, the better the BER estimation. However, this factor is limited due to the data
multiplexing at the hardware level. Since each framed monitoring packet is broken up in
the aggregate data stream, monitoring bits are, in essence, uniformly distributed throughout
the data.

This is much more effective than a pattern of a certain number of data packets
foliowed by one monitoring packet. If the jamming pulse duty cycle was low (short pulses
with longer intervals between pulses), data couid become garbled at a much higher rate than
the monitoring packets, yet an evaluation of the monitoring packets would only show slight
degradation. In contrast, a uniformly dispersed monitoring packet would increase its

detection capabilities in proportion to the number of monitoring packet fragments within
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the data, and the resulting evaluation would be more faithfully indicative of the correct link

status.

2. Packet Insertion

There are two factors with regard to packet insertion: insertion rate and pattern of
insertion. Insertion rate is the rate at which monitoring frames are created and inserted into
the output data stream. A pattern of insertion refers to the manner in which a inonitoring
frame is placed into the deta stream at individual multiplexer inputs so as to effect

maximum error detection.

a. Insertion Raie
As in the case of packet size, insertion rate has a clear impact ocn monitoring:
the faster and more frequently monitoring packets are transmitted, the better the
monitoring. Unfortunately, where the distribution of monitoring bits in the aggregate data
stream limited the impact of packet size on monitoring effectiveness, this is not the case
with the insertion rate. Thus, the insertion rate will determine, to a great degree, whether
there is excessive monitoring overhead or sanipling of the error events on the aggregate

data stiteam is insufficient.

b. Pattern of Insertion

Insertion of monitoring frames into the CDL multiplexer hierarchy can take
on three primary patterns. First, monitoring frames may be irut only on a specific
multiplexer input. Secondly, frames may simply follow a round robin scheme, oblivious to
the data rate of the particular input. Finally, frames can be input to the least loaded
multiplexer input - that input with the smaliest queue waiting to be transmitted.

For the first strategy, the main benefit is simplicity. Unfortunately, this
scheme depends too heavily on the load balancing between multiplexer inputs and the
inputs’ data rates. If there is no load balancing, the selected input pipe may get backlogged,

forcing important data to compete for transmission time. On the other hand, even if load
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balancing is in place, the input may simply be too slow to handle all the monitoring traffic,
again causing backlog in the transmission queue and worse, inhibiting the actual
monitoring transmission rate and thereby, the monitoring effectiveness.

A round robin procedure has some of the same limitations as the fixed input
strategy. While the individual load on each input would have less effect, the disparity
between multiplexer input data rates could cause clustering of monitoring bits in the final
data stream. For example, it would be possible to transmit a continuous stream of
multiplexed monitoring bits followed by a stream of data bits. Such a scenario is
undesirable because the errors in the data part of the stream will not be caught by the
monitoring packets. While this extreme scenario is unlikely, a strictly round robin
distribution on disparate data rates decreases the probability of error detection.

While round robin and fixed input insertion patterns are fundamentally
flawed with regard to & CDL situation, a better pattern can be found by evaluating the
discrepancies with each. With fixed input, the primary concern wes backlogging any one
1nput, while round robin was not robust enough to ensure uniform spreading of monitoring
bits. The empty selection insertion strategy solves both problems at once.

Using empty selection as an insertion pattern is effective, but not without its
downfalls. For instance, determining the emptiest multiplexer input requires constant
monitoring of all input queues and relating queuc size to the input’s data rate. Also, a slow
pipe could still be chosen, causing non-uniform distribution of monitoring bits.

The packet insertion strategy must address a trade-off between effectiveness
and simplicity of implementation. Queue monitoring and non-uniform distribution can be
dramatically reduced by using smaller monitoring packets and increasing the insertion rate,
thereby keeping the effective monitoring frame transmission rate constant. To this end,

cmpty selection is an efficient insertion pattern,
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3. Overhead and Effective Sampling
In summary, packet size and insertion characteristics are critical parameters in
any monitoring policy. The total transmission overhead can be calculated using these two

criteria (Equation 1). Assuming uniforn distribution of monitoring bits, the total amount of

Transmission Overhead = Packet Size (bits/pkt) X Insertion Rate (pkts/s) (1)

overhead is the only factor that will determine if the monitoring bits will be an effective
sampling of the true bi: error rate (BER). This implics that as long as the intervel between
monitoring bits in the aggregate data stream is less than the jamming pulse duration, the
monitoring status will accurately reflect the link status.

Now that a quantitative value for cverhead can be set, the only question is how to
vary packet size end insertion rate to maintain acceptable overhead. Based on the carlier
evaluation of both factors, we may conclude that overhead policy should be controlled by
varying the monitoring packei insertion rate and maintatning a small mor.itoring packet
size. This shall ensure a quick monitoring response time while still utilizing the maximum

allowable quantity of overhead.

4. Packet Format

The only issue in relation to packet format was the contents: would it be a fixed
data paticrn or some random patiern. Clearly both approaches have meriis: a fixed daia
pattern would be easily compared at the receiving end, but would lack true probabilistic
independence; a random pattern could pass the independence test, but would have no basis
for comparison at the receiving end.

The soiution is again a hybrid of both formats: a pseudo-random generator which
would be initialized by both PPP servers. Now, the data pattcm is random for all practical

purposes, but is still casily compared to an expected value at the receiving end,
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D. MONITORING PACKET EVALUATION

1. History

When a monitoring packet is received, the number of errors are counted and this
value is placed in an array of fixed length. A pointer is incremented to the next element in
the array, and the next error count is placed in the next elemeni. When the pointer reaches
the end, it resets to the beginning of the array. Each time a new element is entered, & new
ratio of packets in error (in the history) to total packets (in the history) is computed, . anging
from O to 1.

Another idea in evaluating the ratio would be to add up the total errors in the
history, and calculate an average BER and act on that. A running otal can easily be
maintained, just as when counting bad packets. The only additional requirement would be
memory increasing from one bit per history element to two bytes per history element. This
is a viable option, but it has nct been further explored in this work.

The ratio generated from the history is the basis for transmitting LQRs and overall
link status, so the length of the history is a crucial element in the reporting process of link
monitoring. For instance, a history of length 1 would cause the link to bounce between good
and bad each time the current packet was different than the previous packet. Expanding that
idea, a history of length 10 will osciliate, on the average, at a rate 1/10 less than a history
of 1, a history of length 10 at a rate 1/10 that of length 10, and so on. However, a data link
that changes status too slow is as much a detriment as a link which changes too fast. Slow
changes in history cause sluggish response in transmitting LQRsS, and result in inefficient
monitoring feedback to the transmitting station. Requirements of a quick response time and

limited bounce force another compromise in order to achicve beth desired results.

2. Hysteresis

Hysteresis acts as a history for the history, allowing a small history length for
quick response, and at the same time preventing too much oscillation. Figure 8 illustrates
the principle for the CDL.
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Initially, upper and lower hysteresis bounds are set for the ratio, which will
determine when the link is declared gocd or bad. The link starts out ‘good’, and as bad
packets are received, the ratio goes up. If the ratio oscillates between values without
crossing the upper hysteresis bound, the link remains in a ‘good’ status. Once the ratio
passes the upper bound, the link is immediately declared ‘bad’ and wili ‘emain bad until
the lower hysteresis bound is crossed.

Hysteresis bounds must be chosen carefully, as narrow bounds will cause
excessive fluctuation just as a small history length, and wide bounds will create long delays
in link status changes. It is recommended that this be a dynamic attribute, as there is no

method to alleviate erroneous results caused by fixed hysteresis bounds.

3. LQR Transmissicn Frequency

LQRs can be transmitted at a fixed or variable rate depending on the criteria on
which transmission is based. For exemple, a fixed rate transmission may occur if an LQR
is sent for every three monitoring packets received. On the other hand, a variable rate
transmission may occur if an LQR is sent when the last two monitoring packets are bad.
Clearly, a fixed LQR transmission is easy to implement, while a variable rate allows for
flexibility and better trend evaluation. Using the positive aspects of both transmission
methods, another compromise is seen as the best approach for the CDL.,

The method recommended is a fixed rate based on the ratio. The interval between
the ratio bounds of 0 to 1 is evenly divided into a certain number of divisions. An LQR will
be sent as each threshold is passed, either increasing or decreasing. This translates the fixed
rate into a variable rate, as LQRs will be transmitted at a rate commensurate with how fast
the ratio is changing, i.e. the slope of the ratio curve. This can impart an urgency to the
wransmitting station that something is causing the ratio to change quickly, and the link may
go bad soon.

This process can only accurately perceive a quick change in the ratio if the

monitoring frames are being transmitted at a constant rate. On the other hand, another
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approach is where the monitoring frame transmission rate could charige based on a fixed
LQR transmissioa rate. However, this option was disregarded because evaluation logic and
dynamic transmission capabilities would be necessary on the coliection plaiform. As
explained in the next section, it is desirable to keep the collection platform as simple as

possible.
E. LQREVALUATION

1. Evaluation Location

When constructing the monitoring algorithm, the physical limitation which stood
out was the disparate data rates of the downlink and uplink. Secondly, weight, spa:e, and
equipment requirements added to the notion that most of the link monitoring acticns and
evaluations should be conducted at the surface platform, and as little information as
possible should be transmitted on the low data rate uplink that was not concerncd with
mission command and control. Therefore, while the collection platform actually e aluates
the LQR, the LQR construction must be conducted on the surface with as much information

packed into as few bits as possible.

2. Information Content

Due to the minimal bandwidth available for transmission, the actual PPP LQR
construct is not & viable option. instead, a proprietary LQR is recommended which must
contain, at a minimum, the status of the link. Additional requirements would be based on
mission type and applications being used. For general purposes, a two-bit report was
deemed sufficient, which included link status and the tread of the link.

In a different context, minimal information transmitted to the collection platform

can have a multitude of possibilities. For instance, a transmission containing n bits could

lead to 2" possible actions to be taken. Secondly, each different value could signify a

threshold at which certain BER-sensitive applications could sleep or wake up. A final




scenario can be seen where the bits could be interpreted as a preset contingency action, such

as a frequency shift.

3. Acting Upon an LQR

No study has been done to determine actions to be conducted upon receipt of an
LQR. Minimum requirements for LQR content have besn established, but no hard ar.d fast
evaluation implementation has been recommended. However, it is recommended that LQR
information content should be based on a general mission scenario common to CDL
deployment situations, while evaluation methods should be variable based on specific

mission and platform scenarios.
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IV. OPNET MODELLING OF PPP AND LINK MONITORING

A. BASIC OPNET CDL MODEL DESCRIPTION

The CDL has been modelled in OPNET as two remote FDDI LLANs connected by a
number of point-to-point links Figure 9 shows the OPNET network level representation of
the model. Ring O represents the Collection Platform (CP) LAN and ring 1 portrays the
Surface Platform (SP) LAN. The four point-to-point links terminating at ringl denote
components of the 274 Mbps return link, while the one link back to ring O models the 200
Kbps command link.

Each basic FDDI station, illustrated in Figure 10, hes the capability to transmit
synchronous and prioritized asynchronous traffic.Additionally, the station collects
statistical data particular to the OPNET implementation. Lic_src and lic_sink are OPNET
model entities of the Logical Link Control (LLC), while mac represents the FDDI MAC

&

ring0

Figure 9: Top Level CDL Mecdel
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Figure 10: Basic FDDI Station

layer. Finally, phy tx and phy_rx represent the physical layer transmitter and receiver.
Additional details of this FDDI station model can be found in [9].

Application connections are represented ty 10 stations on each ring, each of which can
transmit data on the ring destined for any station on either ring. Each LAN has a bridging
station, designated F9, which is the LAN’s connection to the CDL. Figure 11 shows the 10
station ring, while Figure 12 shows the collection platform bridging station. The additional
modaules in Figure 12 represent four point-to-point transmitters and one receiver for CDL
communication.

The command link is modelied as one point-to-point link with a daia rate of 200 Kbps.
The return link is modelled as four links with different data rates, currently set at 1.53, 3.06,
21.42, and 42.34 Mbps. The links are connec‘ed to transmitters/receivers patched into the
I.ogical Link Control (LLC) of the bridging stations.

Jarnming 1s introduced over the point-to-point links as a function of varying bit error

rate (BER). Two jamming types are currently implemented: a channel-swept jammer with
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Figure 11: 10 Station FDDI Ring

fixed durations and intervals, and a pulse jammer with random durations and intervals.
Both jamming configurations use a random, uniformly distributed BER with maximum
values defined for jamming periods and intervals between jamming.

There are also two load balancing algorithms used: round robin, which distributes
incoming frames in a cyclic fashion, and empty selection, which puts the cwutent frame on
the link with the smallest send queue. Details of both jamming and load balancing

algorithms and their implementations may be found m [10).

B. OVERVIEW OF CDL MODEL CHANGES

Changes made to the existing OPNET model are very basic with the intent of
maintaining as much previously written code as possible. Actual code modifications are

done on only five files in the model:

- collection platturm LL.C sink process model (cp_fddi_sink.pr.m)
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Figure 12: Collection Platform Bridging Station
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- collection platform LLC source process model (cp_fddi_gen.pr.m)
- surface platform LLC sink process model (sp_fddi_sink pr.m)

- surface platform LLC source process model (sp_fddi_gen.pr.m)

- point-to-point error allocation pipeline stage (cdl_pt_error ps.c)

The entire list of changes can be broken down into 3 areas. The first area is data
encapsulation, which deals mostly with the new PPP packet formats and their various
fields. The link monitoring algorithm is the second area, which caused most of the code
changes. This includes not only the model files listed above, but also new attributes in the
simulation environment file. Finally, statistic and probe additions were necessary to record
relevant data. For completeness, a section is included on how to use this model for

experimentation.

C. DATA ENCAPSULATION

Code changes to encapsulate data are minimal, They include creating a formatted PPP
packet and setiing the PID. Any actions to be taken are based on the assigned PID, and
coded using a switch() statement. This structure allows for individual additions of PID
options and easy debugging of packet contents.

Two different packet formats are used for this implementation: one for standard PPP
frames, and one for Muliilink frames. Ideally, one packet should have been sufficient, since
both are actually PPP frames. However, the separate packet formats allow for simpler
simulation coding, since otherwise each information field would have had to be
dynamically created. Figure 13 shows both formats as they are seen in OPNET’s Parameter
Editor.

1. Standard PPP Format

The standard PPP packet format includes all the basic fields of an HDLC-framed
PPP packet. The only editable fields are the high and low bytes of the PID. The

“information” field is present for higher level encapsulation, but none is currently used.
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Other than a higher level packet, any information to be transmitted in this type of
PPP packet, such as LQR data or other PID-specific fields, must be hard-coded using a
kernel procedure, op_pk_fd_set. An example can be found in the file sp_fddi_gen.pr.m,
where the LOR data is added to the PPP packet.

2. PPP Muitilink Format

The Multilink packet has the same basic elements as the PPP packet, with the
addition of fields specific to a Multilink packet. The overall packet is formatted with the
optional Multilink Protocol header using a 12 instead of 24-bit sequence number and a B,
E, and filler sequence of 4 bits instead of 8.

The “BE” fieid is listed as information because a fragmenting procedure has not
been implemented with this model. Also, the field name “FDDI_frame” is only for
semantics; any frame or datagram can be inserted into this field, as long as it is in an
OPNET packet format.

D. LINK MONITORING MODEL

1. Col.action Platform (CP) Logical Link Control (LLC) Sink

All FDDI frames destined for the SP come up through the MAC layer to the
Logical Link Control (LLC) sink on the bridge station. Also, anv frames generated by the
bridge station which are destined for the SP also pass to the sink module from the bridge
staton’s own LLC source. These frames are reframed in PPP frames and queued for
wansmission to the SP bridging station’s LLC source based on the load balancing algorithm
selected in the environment file.

For monitoring packet generation, the insertion rate (named link_mon_trans_rate
in the code) is retricved from the 2nvironment file. Upon process initialization, the "INIT
state schedules a process self-interrupt at each increment for the duration of the simulation.
When this self-interrupt occurs, the '"DISCARD’ state creates a monitoring frame of a fixed
size (mon_pkt_size), which is read in from the environment file. The frame is then

enqueued based or the load baancing algorithm in place for the regular PPP data frames.
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The monitoring frame itself is a PPP frame structure with a fixed size assigned via
a kernel procedure equal to the desired monitoring frame size. Due to OPNET’s enor
allocation constructs and the methods used in designing the model, there is no need to
generate a pseudo-random bit stream as the contents of the frame have no bearing on the

number of bits deemed to be in enror.

2. Pipeline Error Allocation Stage

In OPNET, each link, whether a point-to-point, tus, or radio link, is defined as a
number of stages where certain actions take place. For instance a point-to-point link uses
three stages, each represen-ed by a separate C program: propagetion delay, error allocation,
and error detect:on. None of these programs is used in the OPNNET graphic interface except
to assign their names to the stage attributes of the appropriate link in the network, as shown
in Figure 14. Also, these programs must be edited through a separate line editor and

individually compiled before the overall simulation can be archived and bound.
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Figure 14: Pipeline Stage Name Setup in OPNET Network Level
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Each packet is acted on by these stages, with the resulting values assigned to a
fixed set of kernel variables unique to each packet. For instance, each packet has a kernel
variable named OPC_TDA _PT_NUM_ERRORS, but the value contained is unique to the
packet.

The errors ir 8 packet are calculated using a timestamp, the size of the packet, and
the jamming pattern se. up in the environment file. [10] deta s this error allocaticn
procedure. Consequently, this total quantity of erus is put into
OPC_TDA_PT_NUM_EKRORS and is carried with the packet until it is read in the surface

platfcrm LLC source process.

3. Surface Platform (SP) Logical Link Control (LLC) Source

PPP frames are received at the SP LLC source on all four point-to-point links
from the CP and ar= evaluated based on their PID’s high-order byte. Data frames ave
decapsulated and sent to MAC layer for forwarding, or if the frame is destined for the SP
bridging station, it is passed to the LLC sink layer for disposition, Currently, wher frames
reach the final destination’s LLC sink, they are discarded without prejudice.

All monitoring frames have 8 high-order PID byte of Oxc0. Once a monitoring
frame is detected, the low-order PID byte is evaluated to determine what type of monitoring
frame it is. Current implementation assumes all LCP frames (‘ow-order PID byte = Cx21)
are monitoring gackets. The number of errors computed from the poini-to-point link is then
read and put in the history.

The history is generated in the ‘/NIT” state by a function call aamed
create_history. The call requires an integer size, which is obtained from the environment
file. A dynamically allocated circuiar linked list of intcgers is created, and a pointer is
returned to the first element in the list.

When an error value 1s added to the history, the pointer is incremented to the next

element. A counter is then incremented or decremented to reflect if the frame had errors in

it. A new crror ratio is computed, and it is compared to the ratio when the last LQR was




sent. I the difference is greater than the LQR reporting criteria, the link status is
reevaluated and an LQR is sent with the latest information.

The link status is coded as one integer value, ranging from 0 to 3, which imparts
two characteristics of the link, These characteristics are the actua! status (i.e., good or bad),
and the trend since the last LQR transmission (i.e., up or down). T".¢ integer value reflects
the decimal equivaient of a two-bit representation where the 1 atus is the high bit and the
trend is the low bit. This is shown in Figure 15.

Hysterssis is implemented by comparing the new ratio to each of the hysteresis
boundaries. This will only be checked if an LQR is due to be sent, so the hysteresis bounds
should be placed at a multiple of the LQR reporting criteria. If either of thes: boundary
conditions have forced a status change, the good/bad status is reset; otherwise, the status bit
remains unchanged. In any case, the old trend is then stripped and reset based on the latzst
comparison. Finally, if an LQR is to be sent. a PPP frame is formatted in the LLC source

and sent ‘o the LLC sink for ransmission to the collection platform.

«. Surface Platform (SP) Logical Link Contrel (LLC) Sink

This process, just as the collection platform LLC sink, encapsulates all FDDI
frames from the MAC layer and any data from the SP LLC source to be transmitted to the

Bit a: Link Status
0 - Good
1 - Bad

Bit b: Link Trend
0 - Down
1-Up

Figure 15: LQR Format in OPNET
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CP. Since PPP-encapsulated L.QRs are sent from the LLC source, a clieck is introduced to
bypass all FDDI data collection and PPP encapsulation if the incoming packet is already
encapsulated. All PPP frames are then transmitted to the collection platform.

5. Collection Platform (CP) Logical Link Control (LLC) Source
Once a PPP data frame is received at the CP, it is decapsulated and the data is sent
to the MAC layer for further transmission. If the PPP frame is a coutrol frame, it is expected
to be an LCR, since there is no need for monitoring the ‘unjammable’ 200 kbps uplink.
The LQRs contents are evaluated and a inessage is printed out to the screen giving
the link status and trend. Since no policy has been determined for LQR implementation, the

frame is then discarded with no acticn taken.

E. ENVIRONMENT FILE CHANGES

All attribute changes and adaitions in the environment file, as with the code changes,
pertain only to the bridging stations. An example environment file used to generate data can

be found in Appendix F. The added attributes include:

. link_monitor_trans_rate - the rate at which monitoring frames are inserted
into the downlink bit stream (secs/pkt)

. monitoring pkt size - the physical size of the monitoring packet (bits)

* LQR transmission delta - the ratio change required before an LQR is
transmitted

. upper (lower) hysteresis threshold - the boundary ratio values which

determine if the link is good or bad

. history length - the number of monitoring packet values maintained to
calculate ths ratio

Additionally, receiver ecc threshold and wransmitter/recziver data rate built-in
attributes have been promoted to the environment file. For ecc threshold, if the value is
zero, any incoming packets with errors will be discarded at the receiver, and no monitoring
would ever be conducted. As for data rates, promoting these attributes allowed quick

changes to determine the effect of transmitting monitoring frames on various data rates.
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F. PROBE/ANALYSIS CHANGES

Six new statistics were added to the simulation to monitor simulation performance ai.d
ensure proper operation of the link monitoring algorithm. Code changes to implement these
statistics are found in the CP LLC sink, the pipeline error allocation stage, and the SP LL.C
source. Finally, reading the local statistics required additional probes in the simulation’s

probe file, fddi cdl _probe_special pb.m.

1. Jammiag Tracking

In order to compare the monitoring results with the jamming taking place, an
accurate picture of the jamming had to be generated. Since jamming is implemented as a
random value within fixed bounds of time and maximum BER, the jamming input
parameters could present the basic jamming pattern but not the precise BERs associated
with eech time slot. Therefore it was necessary to generate a statistic when the jamming is
actually taking place in the code. Unfortunately, this action occurs in the pipeline error
allocation stage, which can not utilize local statistics as a normal processor module such as
a transmitter or queue would.

Another option would have been to send the BER and a timestamp to a processor
which can maintain local statistics. However, the only data which can leave a pipeline stage
is assigned to the kernel variables described in the previous section, and each of those has
a distinct purpose in the operation of the pipeline.

In the end, global statistics are used to maintain the data. These are able to read
data generated anywhere in the simulation, but must be initialized by generating a “global
statistic handle”, which is to be maintained using a state variable. Pipeline stages have no
mechanism for declaring state variables, so the handles are created as an array of handles
in the ‘INIT state of the CP LLLC sink raodule and externally declared in the error allocation
C prograui. A global flag is also set when the handles are created to prevent the error

allocation program from writing to an undeclared statistic.
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Since each of the four pipelines uses the same error allocation stage, a distinction
must be made between each pipeline for data collcction purposes. The solution was to use
the user id, a built-in, user-defined attribute assigned to each pipeline. For simplicity, the
user id was assigned, at the network level, to the corresponding global statistic array index
value, numbered O to 3. Meanwhile, the command link pireline has a user id of 10, one
order higher than any of the return link pipelines. Besides being set in the OPNET network
model, the value is assigned as a constant in the error allocation stage for comparison

purposes when saving statistical data.

2. Link Status Statistics
In the SP LLC source, two local statistics are added: RATIO_OUTSTAT and
LINK_STATUS_OUTSTAT. These names are defined in the header file to correspond to
two output statistic values, which in turn are probed to display the bad packet ratio and the
link status (good/bad). RATIO_OUTSTAT is the straightforward ratio, while
LINK_STATUS_OUTSTAT is scaled to display a 0 or 1 for good or bad, respectively.

3. Additional Changes

Numerous lines of previously created data collection code have been commented
out. The purpose of this was to shrink resulting vector files containing as much as 8 MB of
data for a 10 second simulation run. I: should be noied that global statistics, whic 1 account
for most of the vector data in this case, are saved in a vector file each time a simulation is
run, and do noi need to be proved 1o be saved. To alieviaie this, the OPNET modelling
manual recommends using a condition flag to decide at runtime whether certain global

statistics should be saved.

G. RUNNING EXPERIMENTS

Running experiments requires changes to two files; the environment file to be used,

and the script file to be used. Examples of each are shown in Appendices F and G,
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respectively. Environment file changes for link monitoring consist of altering attributes
listed in section D of Chapter V.,

The purpose of the script file is to allow the user to run the simulation without using
the OPNET graphical interface. This frees up valuable memory, and allows for background
execution. It is recommended that only one simulation be run at a time because simulations
running concurrently compete for resources, and this can lead to both simulations crashing
with no useful data to show for the 30 minutes of execution time., However, the script file
does allow for successive executions without user interaction.

The script file in Appendix G is set up to run the same simulation executeble,
fddi_cdl.sim, four times. On each run, a different environment file is used, and the results
are saved in a different vector file. The probe file and simulation duration are also specified
on the command line. The shell environment variable, debug, can be used by the OPNET
simulations to invoke the OPNET on-line debugger, but as this requires user interactioen, it
defeats the purpose of the script file.

Lastly, there are iwo other requirements to ensure a smoothly running script file. First,
the .sim file is an executable, so when executing the script, the .sim file must be in the
current directory, or the entire path must precede the name of the executable in the script
file. Secondly, an up-to-date env_db file must be rresent in $HOME/op_admin. If this file

is not found, the simulation will not run at all.
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V. MODEL EVALUATION

A. OVERVIEW

This chapter provides test runs to demonstrate the reliability of the OPNET computer
model. The tests show a changing BER, the resulting monitoring packet error ratio, and the
resulting link status changes. Additionally, parameters are varied to demonstrate the effects

of history, hysteresis, and insertion rate on the overall link status.

B. TESTING SCENARIO

A baseline model was developed for the CDL in [10]. This model was used as the
testbed for link monitoring testing. A minor change was required to reevaluate the load
balancing algorithms, as well as adding a situation where all monitoring packets are
directed to one specific multiplexer input. Otherwise, the original model code remained
intact.

Tests were only conducted on the return link, since monitoring is only needed on that
link. For these tests, most attributes listed in the simulation envircnment file were retained
from the baseline model. Any additionally required attributes were promoted to the
environment file. 1n summary, any attribute which was varied for simulation purposes was
put in the environment file.

The 11 variable environment attributes listed in Section I'V.E, as well as the two load
balancing algorithms and the two jamming techniques, led to 23 different model runs to
ensure reliability. For a basic reliability test, a periodic jamming pulse is introduced over
all four return link point-to-point links. Figure 16 shows the jamming pulse over one of the
links, however the jamming is identical over all four links. The duration of each pulse is
long enough to ensure that it would be detected by the monitoring system regardless of the
parameter settings. Figures 17 azid 18 represent the monitoring output in the form of the bad
packet ratio over all four links, and the resulting link status (0-good, 1-bad). Clearly, these
figures show that the basic model operates as expected.
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Figure 18: Link Status for Basic Monitoring Test
C. PARAMETER VARIATION EFFECTS

Subsequent tests now need to verify that trends in certain attributes affect the model
as expected. This is accomplished by varying only one attribute for 3-4 trials and
comparing the results. For purposes of discussion, one sct of dsta is presented to support
each case; however, numcrous data sets were evaluated to ensure reliable model

performance.

1. Insertion Rate

As previously discussed, insertion rate has a tremendous impact on the resulting
bad packet ratio, and, therefore, the cverall monitoring schem=. It is assumed that insertion
rate is directly proportional to the change in bad packet ratio: the faster the insertion rate,
the quicker a change may occur in the ratio. To demonstrate that idea, four runs are shown
in Figures 19 through 22. Each of these examples are exactly the same except that the

insertion rate is gecreased by a factor of 10 in each subsequent graph.
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Figure 4 has an insertion rate of 1 monitoring frame every 729 microseconds.
Assuming full utilization of the aggregate bandwidth, that equals one 5,000-bit monitcring
frame for every 10 20,000-bit data frames, or an overhead of approximately 2.5%.
Likewise, Figure 5 shows an insertion rate of 7.29 milliseconds, equalling .25% overhead,
and so on.

The jamming pulse used here cycles every 0.8 seconds with a 0.4 second pulse
duration, Clearly Figure 19, with the highest insertion rate, has the best picture of the
jamming. In Figure 20, slower response is evident due to the lower insertion rate, yet a
decent picture is maintained. However, Figures 21 and 22 show increasingly severe cases
of undersampiing, where the monitoring frame insertion rate is so slow that the ratio can
not accurately reflect the jamming. This conclusively shows the expected results of

decreasing insertion rate, verifying the model for this attribute.

2, History Length

It is assumed that the history length is inversely proport onal to the ratio rate of
change: the longer the history, the less effect each monitoring frame has on the overall bad
packet ratio. This fact can be verified by simple calculation, while the graphical
representations shown in Figures 23, 24, and 25 show two characteristics related to
increasing history length,

Figure 23 is a scenario with a history length of 20, while Figures 24 and 25 show
the same test run with history lengths of 30 and 40, respectively. Tae jamming is different
over cach of the four links, io simuilate a widely varying jammer, while the monitoring
packets are inserted in a round robin fashion.

The first point of interest is the expected decrease in the rate of change in the ratio.
At the same point in time, each successive graph takes slightly !onger to register a drop in
the jamming. This is & direct result of increasing history length.

Of more significance is the fact that the rate of change for each successive run is

only slightly lower than the previous run. One may assume the rate of ratio change should
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Figure 25: History of Length 40

be more significant, and it would, except that the increased history length biings the
extraine values (high and iow) closer. As a result, the packet ratio’s trend changes more
quickly than if the peaks were the same as a run with a smaller history. Although this is a
benefit of longer histories, the closing of the peak values causes a significant impact on
hysterssis and the determination of appropriate hysteresis bounds.

In any case, it can be seen that the model accurately represents the effects of
changing history length.

3. Hysteresis Bounds

The implementation of hysteresis is a simple comparison of the current bad packet
ratio to bounds input into the simulation through the environment file. While that is not

significant and can be visually evaluated, what 1s important is the effect hysteresis has on

link status,
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In a simple scenario, where jamming is fixed and periodic (not highly likely),

hysteresis would have very little impact. Figure 26 which illustrates such a situation, shows
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Figure 26: Hysteresis Used in Conjunction With Pericdic Jamming

that periodic jamming is accurately reflected in the bad pack»! ratio. Although this test run
was conducted with hysteresis bounds of 0.5 and 0.3, it is casy to see that replacing ihe
hysteresis with a single pivot value higher than 0.3 would actually improve the amount of
time that the link would be declared good, es well as climinate the aeed for any hyste:esis.

On the other hend, non-periodic jamming, as Figure27 shows, does not lend itself
to a single pivot value. Here it can be seen that without hysteresis, but with a single pivot
value set at 0.4, excessive oscillation would occur that could affect ¢::ipment performance

and long term wear on circuifry.

D. SUMMARY OF RESULTS

Each of the previous examples shows that the OPNET computer modei accurately

converts chaages in BER into a link monitoring ratio. In turn, this ratio is properly
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Figure 27: Hysteresis Used in Conjunction With Non-periodic Jamming

cvajuated in a manner consistent with the proposed link monitoring mechanism. More
specifically, significani characteristics of the modelled Jink monitoring mechanism behave
as expected. Put together, these factors lead to the conclusion that the iink monitoring
system, &s implemented in conjunction with the baseline OPNET CDL model, accurately

reflects the link monitoring design presented in Section III of this thesis.
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VI. OPNET TCP/IP MODELLING

A. PURPOSE/SCOPE
The long term goal of the OPNET network model is to integrate it with a working

neiwork, transport, and application layer in ordar to better measure user-to-user
performance over the CDL. TCP/IP has been chosen for the model because of its
widespread :mplementation. MIL 3 supplies a bhaseline TCP/IP model within an Internet
model, but the TCP model is very simple in that it is based on the original 1981 TCP
standard and has not integrated any of the improvements used in present-day TCP suites.
These improvements include Karn’s algorithra, Jacobsen header compression, and round-
trip time estimation, among others.

The work for this portion of the project is the first step towards full-scale integration
of the CDL network model with TCP/IP. Additional changes are recommended to enhance
the TCP model and change the application models into CDL-specific applications.

The scope of this section is limited to OPNET code and model changes designec. 10
integrate the CDL. network model with the OPNET generic internet model. No evaluations

are conducted except te verify that the model runs correctly.

B. SUMMARY OF CHANGES

The changes to integrate the two models r2volve entirely around communications
between layers, primarily the network protocol (IP) and tne data link protocol (FDDI LL(/
MAC layers). Since each model is s¢lf-contained, and substantial changes have been med:
to the network model, addidonal changes must be made to both models to work toge.n:r
properly.

Fer instance, the basic Internet model station’s IP layer is designed to communirate
directly with the OPNET’s basic FDDI MAC layer, as shown in Figure 28, while. the
integrated basic station model calls for an LLC layer between them as well as a

substantially different MAC layer, shown in Figure 29. Ca the other hand, the CDL
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Figure 28: Basic OPNET Internet Station Model

network station model, previously shown in Figure 10, has no layers above the LLC, so all
traffic is created and destroyed in the LLC instead of at the application layer.

Te alleviate communications problems, the OPNET data packets and Interface
Control Information packets (ICIs) must be revamped to communicate correct and relevant
data between the LLC and the MAC. Also, code immust be introduced int9 the pertinent

processor modules to enable usage of the new data packets and IClIs.

C. PACKET/ICI FORMAT CHANGES

In OPNET, data communication between any two processors is done by sending a
packet and/or ICI to an adjoining processor through a stream. A packet is used to model the

flow of actual data, while an ICI is used to model control information between layers.
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Figure 29: Integrated CDL-TCP Basic Station Model

OPNET allows direct packet communication between any two processors anywhere in the
model, bypassing the streams, but utilizing this {eature violates the model’s integrity and is
discouraged.

The first area of interest is the stream connecting the arp module to the llc_source.
Originally, the arp was designed to communicate directly with the MAC layer using a
packet, ip_dgram, and an ICI, ip_mac_req. These formats are satisfactory and are left

intact, forcing the llc_source module to conform to the new inputs.
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The llc_source module used in the network CDL model transmits a packet using the

fddi_lic_fr format, and an ICI using the fddi_mac_req format to the MAC layer. However,

this packet did not conform to standards put forth in [11]. So, the packet was modified to

contain the appropriate information, while all other data, still necessary to be passed to the

MAC layer, was placed in the ICL. Figures 30 and 31 show the new packet, fddi_lic_fr_tcp,

and ICL, fddi_mac_req_tcp.
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Figure 30: LLC Frame Format fddi llc_fr_tcp

[attr naae = Defanlt valne ) B
sTc_addr integer 0
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Figure 31: LLC Source to MAC ICI Format fddi_mac_req_tcp
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Insiae the MAC and physical layers, an OPNET packet is passed from station to
station without an ICI. However, data not included in the MAC frame header, needed for
FDDI performance calculations, must be transmitted with the data to be collected &t the
final destination. Normally, this information would be placed in an ICI, which in turn
would be aitached to the MAC irame. In this case, though, since there were only two pieces
of data, the information was simply appended to the MAC frame format, as shown in Figure

32. It is important to note that the fields in question, pri and cr_time, have a size of O bits.

Fird Rame Type |[sia2 Bits) _[pefamit Valae |[pefamit set n
[ ) integer “0 onset |
sxe_addr wmteger 49 wmset

dest_addr integer 44 wmset

inte packet -1 ~ |{unset

sve_olass integer

pri integer

tk_class integer

off of of
-
-

cI_time double

ﬁl’mn

Figure 32: FDDI MAC Frame Format fddi_mac_fr_tcp

This is sc the contents of those fieids will not be counted towards the total FDDI bits
transmitted, transmission delay, or error calculations.

Up from the MAC to the LLC sink, the same packet format is used as in Figure 30, but
a different ICI is used. The new ICI format, fddi_mac_ind_tcp, (shown in Figure 33), is
used because most of the fields passed in fddi_mac_req_tcp pertaia to the FDDI tokci and
type of service. Most of this information is unnecessary above the MAC layer, althcugh the
priand cr_time fields arc siill required for data collection.
D. CODING CHANGES

Changes were made to the following CDL network model files:

IR I T RN PR S o% Ok LENpRgS § BEPURN, NP
'Juu; CULTLIIL ==~ ULt LU L& Ts.0l
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Attr Mame Type Default value
sVe_class integer

dest_addr integer

(289 wmteger

th_class nteger

sxc_addr integer

o o cll o) =l =

cr_time double

Figure 33: MAC to LLC Sink ICI Format fddi_mac_ind_tcp

fddi_station.nd.m --> inet_fddinix.nd.m
scpni.nd.m --> cpni_tcp.nd.m

sspni.nd.m --> spni_icp.nd.m
*cp_fddi_genpr.m -->cp _fddi_gen_icp.pr.m
scp_fddi_sink.pr.m --> cp_fddi_sink_tcp.pr.m
ssp_fddi gen.pr.m --> sp_fddi_gen_tcp.pr.m
*sp_fddi_sink.pr.m --> sp_fddi_sink_tcp.pr.m
fddi_imac.pr.m --> fddi_nac_stat5 pr.m
ecp_fddi mac.pr.m --> cp_fddi_mac_tcp.pr.m
*sp_fddi_mac.pr.m --> sp_fddi_mac_tcp.pr.m

The network level changes consisted of nev icons for eacn of the rings, and & different
icon for each LAN station, as illastrated in Figures 34 and 35. Each non-bridging station in
an inet_fddinix node model as shown in Figure 29. The CP and SP bridging stations are
shown in Figures 36 and 37, respectively.

All coding changes for this model addition were done to implement the packet and 1CI

changes delineated ii1 the previous section and are explicitly commented in the appendices.

The only noteworthy changes occurred in the bridging ctation

c
[ 2 ) o~
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Figure 34: TCP-enhanced CDL Network Model

Figure 35: TCP-enhanced FDDI Ring

‘The bridging stations are uniike the basic ring stations in that they also use PPP. This

means that the LLC source and sink on each station may be handling PPP frames, IF
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Figure 36: TCP-enhanced CP Bridging Station

datagrams, and LLC frames simultaneously. Furthermore, the added stream between the
LLC source and sink requires special {CI formatting considerations.

Many different situations arise because of the multiple formats entering and exiting the
LLC. At the LLC source, each PPP frame could be a control frame, an LLC frame for the
local LAN, or an encapsulated IP datagram for the bridging station. Likewise, LLC frames
arriving at the LLC sinl could be destined for the remote LAN or the higher layers of the
bridging station.

In the CDL network model, any LLC frame coming from the MAC uses fddi_mac_ind
as its ICI format. However, from the LL.C source to the sink, the ICI used is fddi_mac_req.
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Figure 37: TCP-enhanced SP Bridging Station

This conflict 1s solved by new fields already added to the fddi_mac_ind_tcp ICI. Due to
changes already in place because of the new LLC frame format (Figure 30), all ICIs going
into the LLC sink are identical, eliminating a significant portion of code.

Another problem with the new LLC frame format can be scen as frames are
transmitted over the CDL. As can be seen in Figure 3, once an LL.C frame is transmitted to
the remote LAN, there is no data field directly accessible to siat: the ultimate destination.
An ICI would be beneficial, but the ICI would be tied to the transmission of the PPP-

encapsulated LLC frame, and would have to be retrieved at the remote bridging station,




reinstalled to the decapsulated LLC frame, and then sent to the destination address. This is
feasible, but cumbersome.

A solution is found using the Kernel Procedure op_pk_ici_set. This procedure ties the
ICI to the packet rather than the transmission event. Therefore, an fddi_mac_req_tcp ICI
can be installed to the LLC frame, encapsulated in PPP, transmitted, decapsulated, and sent

to the LLC source layer. There it can finally be accessed for proper routing of the LLC

frame.

E. CONCLUSION

The TCP/IP changes are very basic, yet they involve every facet of the LLC source,
LLC sink, and MAC layers. The changes are small and spread out throughout the code, but
well documented. It is recommended that this model be used as the primary building block
to achieve full TCP/IP functionality in the CDL network model.
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VIl. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

In this thesis, we have presented and modelled a link monitoring mechanism for the

CDL. The effectiveness of this mechanism is measured by normal test rurs, and by varying

criticel monitoring parameters in order to demonstrate expected results. Additionally,

changes are presented to integrate OPNE™’s TCP/IP model with the existing CDL network

model.

Specifically, the contributionc made by this thesis are as fellows:

1y
2)

3)

4)

5)

We have identified the critical parameters relevant to the CDL status nrunitoring.
We have successfully shown their impact by implementing a n-onitoring
mechanism in OPNET.

We have identified how the monitoring mechanism can be fitted into the PPP and
CDL network interface framework.

We have integrated OPNET’s TCP/IP stack into the network interface and LAN
station models.

This thesis has also completed the gradual development of a remote LAN

interconnection model in OPNET, setting the stage tor detailed eaperimentation,

B. RECOMMENDATIONS

The link monitoring mechanism and TCP/IP framework presents & nu. of possible

rescarch avenuces:

1)

2)

3)

Evaluaticn of HDLC bit-. iffing overhead over a multiplexed microwave link,
such as the CDL.

Experimentation with the link monitoring parameters to determine their optimal
settings for dealing with potenual jammers.

Development of CDL-specific applications to attach to the OPNET computer

model for further evaluation.




4) Evaluation of CP output buffer size and implementation in conjunction with

jamming and real-time data.
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APPENDIX A

RING 0 LLC_SRC MODULE CODE
“cp_fddi_gen.pr.c”

/* Process model C form file: cp_fddi_gen.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “cp_fddi_gen.pr.h”
FSM_EXT_DECS

/* Header block */
#define MAC_LAYER_OQUT_STREAM 0
#define LLC_SINK_OUT_STREAM 1 /*18APR94*/
/* define possible service classes for frames */
#aefine FDDI_SVC_ASYNC 0
#define FDDI_SVC_SYNC 1
/* define token classes */
#define FDDI_TK_NONRESTRICTED 0
#tdefine FDDI_TK_RESTRICTED 1
/* Statc variable definitions */
typedef struct
{
FSM_SYS_STATE
Distribution* sv_inter_dist_ptr:
LCistribution* sv_len_dist_ptr;
Distribution* sv_dest_dist_ptr,;
Distribution* sv_pkt_priority_ptr;
Objid sv_mac_objid;
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Objid sv_my_id;

int sv_low_dest_addr;

int sv_high dest_addr;

int sv_station_addr;

int sv_src_addr;

int sv_low_pkt_priority;

int sv_high_pkt_priority;

double sv_arrival_rate;

double sv_mean_pk_len;

double SV_async_mix:

Ici* sv_mac._iciptr;

Ici* sv_mac_iciptrl;

Ici* sv_llc_ici_ptr;

Packet* sv_pkptr!;

} cp_fddi_gen_state;
#define pr_state_ptr ((cp_fddi_gen_state*) SimI_Mod_State_Ptr)
#define inter_dist_ptr pr_state_pu->sv_inter_dist_ptr
#define len_dist_ptr pr_state_ptr->sv_len_dist_pir
#define dest_dist_ptr pr_state_ptr->sv_desi_dist_ptr
#define pkt_priority_ptr pr_state_ptr->sv_pkt_priority ptr
#definre mac_objid pr_state_ptr->sv_mac_objid
#idefine my_id pr_state_pu->sv_my_id
#define low_dast_addr pr_state_ptr->sv_low_dcst_addr
#define high_dest_addr pr_state_ptr->sv_high_dest_addr
#define station_addr pr_state_ptr->sv_station_addr
#defipe src_addr pr_state_ptr->sv_src_addr

#define low_pkt_priority pr_state_ptr->sv_low_pkt_priority
#define high_pkt_priority pr_state_pur->sv_high_pkt_priority

fidefine arrival_rate pr_state_ptr->sv_arrival_rate
#define mean_pk_len pr_state_ptr-»sv_mean_pk_len
#define async_mix pr_state_ptr->sv_async_mix
#define mac_iciptr pr_state_ptr->sv_mac_iciptr
#define mac_iciptrl pr_state_pur->sv_mac_iciptrl
#define lc_ici_ptr pr_staie_ptr->sv_lic_ici_ptr
#define pkptrl pr_state_pu->sv_pkptrl

/* Process model interrupt handling procedure */

void
cp_fddi_gen ()
{
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Packyr *pkptr, *ppp_pkptr;

1n;
it
int
int
nt
int

i-klen;

dwst_addr,

i, restricted;

r\1_prio;

ppp.pid_h, ppp_pid_l;
status,;

FSM_ENTER (cp_fddi_gen)

FSM_ELOCK_SWITCH

{

/* */

/*¥* state (INIT) enter executives **/
FSM_STATE_ENTER_UNFORCED (0, state0_enter_exec, “INIT”)
{

/* determine id of own processor to use in finding avrs */

my_id = op_id_self ();

/* determine address range for uniform desination assignment */
op_ima_obj_atir_get (my_id, “low dest address”, &low_dest_adcr);
op_ima_obj_attr_get (my_id, “high dest address”, &high_dest_addr);

/* determine object id of connected ‘mac’ layer process */
mac_objid = op_topo_assoc (my_id, OPC_TOPO_ASSOC_OUT,
OPC_OBIMTYPE_MODULE, MAC_LAYER_OUT_STREAM):

/* determine the address assignesl 1o it */
/* which is also the add:css of this station */
op_ima_obj_attr_get (mac_objid. “station_address”, &station_addr);

/* setup a distribution for generation of addresses */
dest_dist_ptr = op_dist_load (“uniform_int", low_dest_addr,
high_dest_addr);

/* added 26DECO3 */

/* deiermine priority range ior uniform traffic generation */
op_ima_obj_atr_get (my _id, “high pki priority”, &high_pkt_priority),
op_ima_obj_attr_get (my_id, “low pkt priority”, &low_pkt_priority);




/* set up a distribution for generation of priorities */
pkt_priority_ptr = op_dist_load (“‘uniform_int", low_pkt_priority,
high_pkt_priority);

/* above added 26DEC93 */

/* also determine the arrival rate for packet generation */
op_ima_obj_attr_get (my_id, “arrival rate”, &arrival_rate),

/* determine the mix of asynchronous and synchronous */
/* waffic. This is expresseu as the proportion of */

/* asynchronous traffic. i.e a vaiue of 1.0 indicates */

/* that all the produced traffic shall be asynchronous. */
op_ima_obj_attr_get (my_id, “async_mix”, &async_mix),

/* set up a distribution for arrival generations */

if (arrival_rate != 0.0)

{

/* arrivals are exponentially distributed, with given mean */
inter_dist_ptr = op_dist_load (“constant”, 1.0 / arrival_rate, 0.0),

/* determine the distribution for packet size */
op_ima_obj_attr_get (my_id, “mean pk length”, &mean_pk_len);

/* set up corresponding distribution */
len_dist_ptr = op_dist_load (“constant”, mean_pk_len, 0.0);

/* desigrate the time of first arrival */
fddi_gen_schedule ();

/* set up an interface control information (ICI) structure */

/* to communicate parameters to the mac layer process */

/* (it is more efficient to set one up now and keep it */

/* as a state variable than to allocate one on each packet xfer) */
mac_iciptr = op_ici_create (“fddi_mac_req”),

}
}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (1,cp_fddi_gen)
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/** state (INIT) exit executives **/
FSM_STATE_EXIT_UNFORCED (0, state0_exit_exec, “INIT”)
{

}

/** state (INIT) transition processing *+/
FSM_TRANSIT_FORCE (i, statel_enter_exec, ;)
1* */

/** state (ARRIVAL) enter executives **/
FSM_STATE_ENTER_UNFQRCED (1, statel_enter_exec, “ARRIVAL”)
{

/* This station should receive frames from the other lan as long as */
/* there are frames in the input streams addressed to this lan ¥/
/*check if the interrupt type is stream interrupt *//*12APR94*/
if(op_intrpt_type() == OPC_INTRPT_STRM)

{

/* if it is, get the packet in the input steam causing interrupt */
PPp_pkptr = op_pk_get(op_intrpt_strm());

op_pk_nfd_get (ppp_pkp, “pid_h",&ppp_pid_h);

switch (ppp_pid_h)

{

case Cx00: /* data frame */

op_pk_nfd_get (ppp_pkptr, “FDDI_frame”, &pkptrl),
op_pk_destroy (ppp_pkptr),

/* get the destination address of the frame */

/* 16APRG4 */

op_pk_nfd_get(pkptrl, “dest_addr”, &dest_addr),

/* check if this frame destined for the local bridge station */
if(dest_addr == station_addr)

/* if it is, send the packet to Li¢_sink directly */

/* in order to prevent overhead of mac access */
op_pk_send(pkptr], LLC_SINK_OUT_STREAM);/*19APR94*/
else

/* this packet is to send to mac */

{

/* determinc the source address of the frame */
op_pk_nfd_get(pkptl, “src_addr”, &src_addr);




/* set up an ICI structure to communicate parameters 10 */
/* MAC layer process */
mac_iciptrl = op_ici_create(“tddi_mac_rej"),
/* place the original source address into the ICI *//* 1o>APR94 */
/* “fddi_mac_req” is modified so that it contains the oviginal */
/* sourze address frcm the remote lan */
op_ici_attr_set(mac_iciptrl, “src_addr”, src_addr;
/* place the destination address imio the 1CI */ /*12/\PR94*/
op_ici_aur_set(mac_iciptr1, “dest_addr”, dest_adds),
/* assign the service class and requested token clas'; */
/* At this moment the frames coming fiomn the rex ofe lan are assume] 10 have™/
/* the same priority as synckronous fraies ip order not 1o accumuiate */
/* packets on the bridge station mac and instcac - gedver their destinations */
/* as soon as possible */
op_pk_nfd_set(pkptrl, “pri”, 8),
op_ici_attr_set(mac_iciptrl, “svc_class”, FE VL 3VC_SYNC),
op_ici_attr_set(mac_iciptrl, “pri”, 8);
op_ici_attr_set(mac_iciprl, “tk_class”, FDDI K _NONRESTRICTED);
/* send the packet coupled with tas ICI */
op_ici_install(mac_iciptrl);
op_pk_send(pkptrl, MAC_LAYER_OUI_STREAM),
}
break,;

case 0xc0: /* ppp control packet - either LQR or monitoring pkt*/
/* Since the command link is deemed u:njammable, this should */
/* only be for LQR’s. Simply delete thein for now until a*/

/* policy is determined on how to haridle the LQR's.*/
op_pk_nfd_get (ppp_pkptr, “LQR_info”, &status);

printf (“LQR received at cp );

switch (status)

{

case 0. printf (“status GOOD trend DOWN\n");

case 1: printf (“status GOOD trend UP\n""j;

case 2: printf (“'status BAD treud DOWN\");

case 3: printf (“status BAD trend UP\n");

}

op_pk._destroy (ppp_pkptr)
break,

default;
printf (“ERROR: packct revd at ¢p: neithes «iata nor coutsobn’”);
break;
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} /* end switch */

} /* end if (op_inupt_type()==OPC_INTRPT_STRM) */
/* otherwise, generate the frame :12APR%4 */

else

{

/* deiermine the length of the packet to be gencrated */
pklen = op_dist_cutcome (len_dist_ptr),

/* detcrmine the destination */

/* dont allow this station’s address as a possible outcome */
2en_packet:

dest_addr = op_dist_outcome {dest_dist_p:r),

if (dest_addr I= -] && dest_addr == station_addr)

£010 gen_packet;

/* 26DEC94 & 29JAN94: determine its priority */
pkt,_prio = op_dist_outcome (pkt_priority_ptr);

/* create a packet to send 1o mac */
pkptr = op_pk_create_fmt (“fddi_llc_£{r”);

/* assign its overall size. */
op__ x_total_size_set (pkptr, pkien),

/* assign the tiine of creation */
op_pk_nfd_set (pkptr, “cr_time”, op_simn_time ());

/" plece the destination address into the ICI */
/¥ (the protocoel_ type field will default) */
op_ici_attr_set (mac_iciptr, “dest_addr”, dest_addr);

/* place the source address iuto the ICI *//* 17APR94*/
op_ici_atr_set (mac_icipw, “‘src_addr”’, station_addr);

/* assign the priority, and requested token class */

/* also assign the service class; 29JAN94: the fddi_llc_fr */

* formai }s modified to iaclude a “'pri” tield. */

if {op_dist_uniform (].0) <= async_mix)

{

op_pk_nfd_set (pkptr, “pri”, pkt_prio), /* 29JAN4 */
op_ici_ata_set (mac_icipty, “sve_class”, FDDI_SVC_ASYNC),
op_ici_aitr_set (mac_icipt, “'pri”, pkt_prio), /* 29JAN */

}




elsef

op_pk_nfd_set (pkptr, “pri”, 8); /* 29JANG4 */
op_ici_attr_set (mac_iciptr, “svc_class”, FDDI_SVC_SYNC),
op_ici_aur_set (mac_iciptr, “pri”, 8); /* 29JANOG4 */

}

/* Request only nonrestricted tokens after transmission */
op_ici_attr_set (mac_iciptr, “tk_class”, FDDI_TK_NONRESTRICTED),

/* Having determined priority, assign it; 26DEC93 */
/* op_ici_attr_set (mac_iciptr, “pri”, pkt_prio); */

/* send the packet coupled with the ICI */

op_ici_install (mac_iciptr);

/* check if destination address is in the remote lan */
if(dest_addr > 9)

/* if it is, this packet is to send llc_sink directly */

op_pk send (pkptr, LLC_SINK_OUT_STREAM), /*18APR%4*/
else

/* if pot, the packet is destined for local lan, so send to mac */
op_pk_send (pkptr, MAC_LAYER_OUT_ STREAM),

/* schedule the next arrival */

fddi_gen_schedule ();

} /* end else (if opc_intrp_type()==OPC_INTRFT_STRM) */
}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (3,cp_fddi_gen)

/** state (ARRIVAL) exit executives **/
FSM_STATE_EXIT_UNFORCED (1, statel_exit_exec, “ARRIVAL”)
{

}

/** state (ARRIVAL) transition processing **/
FSM_TRANSIT_FORCE (1, statel_enier_exec, ;)
r* */
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FSM_EXIT (0,cp_fddi_gen)
}

void

cp_fddi_gen_svar (prs_ptr,var_name,var_p_ptr)
cp_fddi_gen_siate*prs_pa;
cha-  *var_name, **var_p_ptr;
{

FIN (cp_tddi_gea_svar (prs_pir))

*var_p_ptr= VOS_NIL,;

if (Vos_String_liqual (“inter_dist_ptr’ , var_pame))
*var_p_ptr = (char *) (&prs_pu->sv_inter_dist_ptr);

if (Vos_String_Equal (“len_dist_pu™ , var_name))
#yu_p_pu = {char *) {«prs_pu->sv_ien_dist_ptr);

if (Vos_String_Equal {“dest_dist_pw” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_dest_dist_ptr);

if (Vos_String_Equal (“‘pki_priority_pt” , var_pame))
*var_p_ptr = (char *) (&prs_pir->sv_pkt_priority_pti);

if (Vos_Saing Equal (“mac_objid” , var_name))
*var_p_ptr = (char *) (&prs_pur->sv_mac_objid);

if (Vos_String_Equal (“my_id”, var_name))
=var_p_ptr = (char *) (&prs_pt->sv_my_id);

if (Vos_String_Equal (“low_dest_addr” , var_name))
*var_p_pu = (char *) (&prs_ptr->sv_low_dest_addr);

if (Vos_String_Equal (“lugh_dest_acdr'', var_name))
*var_p_ptr = (char *) (&prs_pa->sv_high_dest_addr);

if (Vos_String_Equal (“'station_addr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_station_addr);

it (Vos_Siring_Equal (“src_addr™ | var_name))
*var_p_pir = (char *) (&prs_pu->sv_srr_addr);

if (vos_String_Equal (“low_pki_priority” . var_name))
*var_p_ptr = (Char *) (&prs_ptr->sv_low_pk:_priority);

if (Vos_Sting_Fqual (“high_pit_priority” , var_namc))
*var_p_pir = (char *) (&prs_ptr->sv_high_plkt_priority);
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if (Vos_String_Equal (“arrival_rate” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_arrival_rate);
if (Vos_String_Equal (“mean_pk_len” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mean_pk_len);
if (Vos_String_Equal (“async_mix” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_async_mix);
if (Vos_String_Equal (“mac_iciptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_iciptr);
if (Vos_String_Equal (“mac_iciptrl” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_iciptrl);
if (Vos_String_Equal (“llc_ici_ptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ilc_ici_ptr);
if (Vos_String_Equal (“pkptr1” , var_name))
*var_p_ptr = (char *) (&prs_pur->sv_pkptrl);

FOUT,
}

void
cp_fddi_gen_diag ()
{
Packet *pkpur, *ppp_pkptr;
int pkien;
int dest_addr;
int i, restricted;

int pkt_prio;
int ppp_pid_h, ppp_pid_l;
nt status;

FIN (cp_fddi_gen_diag ())

FOUT,
}

void
cp_fddi_gen_terminate ()
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{

Packet *pkptr, *ppp_pkptr;
int pklen,

int dest_addr;

int i, restricted,;

int pkt_prio,
int ppp_pid_h, ppp_pid_l;
int status;

FIN (cp_fddi_gen_terminate ())

FOUT,
}

Compcode

cp_fddi_gen_init (pr_state_pptr)
cp_fddi_gen_state**pr_state_pptr;
{
static VosT_Cm_Obtypeobtype = OPC_NIL;

FIN (cp_fddi_gen_init (pr_state_pptr))

if (obtype == OPC_NIL)
{
if (Vos_Cartmem_Register (“'proc state vars (cp_fddi_gen)”,
sizeof (cp_fddi_gen_state), Vos_Nop, &obtype) == VOSC_FAILURE)
FRET (OPC_COMPCODL_FAILURE)
}

if ((*pr_state_pptr = (cp_fddi_gen_stae*) Vos_Catmem_Alioc (obtype, 1)) == OPC_-

NIL)

FRET (OPC_COMPCODE_FAILURE)

else
{
(*pr_state_pptr)->current_block = 0,
FRET (OPC_COMPCODE_SUCCESS)
}

}
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/* static added 2DEC93, on advice from MIL3 */
static
fddi_gen_schedule ()

{

doubleinter_time;

/* obtain an interarrival period according to the */
/* prescribed distribution */
inter_time = op_dist_outcome (inter_dist_ptr);

/* schedule the arrival of next generated packet */
op_intrpt_schedule_self (op_sim_time () + inter_time, 0);
}
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APPENDIX B

ERROR ALLOCATION PIPELINE STAGE CODE
“cdi_pt_error.ps.c”

/* cdl_pt_error.ps.c ¥/
/* Customized error aliocation model for point-to-point link transceiver pipe’ -1e ¥/

/*****4******k*******************************/

/* Last modified ; 29MAR94, 4APR94,22APR94,.20AUGS4 */
/********************************************/

#include <opne! h>

#include <ma- .h>

/F20A1JG94 monitor jamming using global statistics set up in cp_fddi_sink*/
/*send stats ¢ it only onlinks withid < COMMAND_LINK (userid of cmd link)*/
/*All links on the dowaward path should be monitored™/

extern int jammer_siats_igit;

extern Gshandle link_gshandie[4];

/* Define a convenient macro for computing*/

/* factorials using the gamma .action.*/

#define log _facierial(n)lgamma ({double)n+ °.0)

void cdl_pi_error (pxpur)
Packet* plpir
{
Ovjid  link_objid;
fioubic  pe,r1, p_accum,p. €Xact
dounle log _pl.log pZlop a ange;
double duty_cyde, /* 3IMAR94 */
donhie jan:_length, jam_ber,irt_bei_jamlen, ber_bet_jamlen;/*29MAR4*/
double ume_stamp; /* tme 5ta ap for te: packet amiving time */
dcuble  offset; /* 1APRY4 */

int mven_crrors = OPC_VALSE, seg_size, num_2rTs;

int Jamnuaer_type/* 26APR94%/

/™ int cheanel_index;*//* 4AR 94 %/

int vcer_id; /* 20AUG9% - )i - id number defined in network model*/
it COMMAND_LINZL = 1.




/** Compute tk2 siember of errors assigned to the given packet **/
/** based on its length and the bit error probability. **/
FIN (cdl_pt_error (pkptr))

/*Make a time stamp to see whetaer the packet is in jamming period or not */
time_stamp = op_sim_time(); /*printf("time_stamp = %16.12f\n", time_stamp);*/

/* Obtzin object id of point-to-point link carrying transmission. */
link_objid =op_td_get_int (pkptr, OPC_TDA_PT_LINK_OBJiD);
/* Obtain the channel index for the particular link */
/* Determine which channel the packet is on *//*30MAR */
/* channel_index = op_td_get_int (pkptr, OPC_TDA_PT_CH_INDEX); *//*4APR94*/
/* Obtain the bit-error probabili:y of the channel. */
[* op_ima_obj_uttr_g=t (link_objid, "ber”, &pe); *//*ignore this atwibute 3 IMAR94*/
/* Obtain the extcnded attributes for the point-to-point link */
/™ s hese atuibutes are appended in order to simulate jamming features */
/* 29NARG4 */
Op_ima_obj_atur_get (link_objid, "jam_length”, &jam_length);
op_ima_obj atir_get (link_objid, "jam_bei ", &jam_ben);
op_ima_obj_attr_get (link_objid, ‘interval_bet_jam _len”, &int_bet _jamlen);
op_ima_obj_attr_get (link_objid, "ber_bet_jam_len", &ber_bet _jam’enj;
op_ima_obj_atr_get (link_objid, "ic _jam._offset”, & offset):
op_ima_obj_attr_get /link_objic, "jammer_type", &jarnmer_type);
op_ima_obj_artr_gei (link_objid, "userid”, &user_id);
/* Obtain the length of the packet. */
seg_size=op_pk_total_sizc_get (pkptr);
/* Determine the jaminer 1yne mnuse; 26APRO4 */
/* Check if pulsed jammer is in use */
if gammer_type==0)

[

/* Randomize the jamrning Jurations */

/* These durations are randoreized with uniform distr bution */

/* intange [G, duration|. User should be aware of these */

/* attributes spevificd in the euvionment file They are max values */

/* for thosc particular durations */

Jwm_length = op_dist_ uniform(jam_leagth);

‘ 0t invnlacm — e Alea e U s . ALt v .
ine _'Jv';_,«.uul\..u— p_MESL_ UG _OCL_Julei ),
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}
/* Oth :rwise, channel swept jarnmer is in use. Jamming durations */
/* should not be randomized to keep consecutive pulses in order. */
/* Compute duty cycle for jamming */
duty_cycle=jam_length +int_bet_jamlen;
/* Check time stamp if it is in the initial jam offset period */
/* Al BER’s are unuformly distributed in range [0, ber[, so that */
/* realistic representation is provided; \Jser should be aware of */
/* these attributes specified in the environment file. They are max values */
/* for those particular bers*/
if (time_starnp < offset)
{
pe = op_dist_uniform(ber_bet_jamlen); /* the packet is still not in the jamm.ing period */

if (jammer_stats_init==OPC_TRUE)&& (user_id < COMMAND_LINK))
op_stat_global write (link_gshandle[user_id], pe);

else

{

/* Check packet is in jamming period */

if (fmod(time_stamp,duty_cycle) <= jam_length)
{
pe =op_dist_uniform(jam_ber); /* the packet is in jamming period, */
/* random "pe"” to be computed as jam_ber */
if ((jammer_stats_init===OPC_TRUE)&& (user_id < COMMAND_LINK))

op_stat_global_wri.e (link_gshandle[user_id], pe),

cise
{
pe =op_dist_uniform(ber_bet_jamlen); /* packet is in unjammed period */
/* rancom "pe" to be computed as ber_bet_jamlen */
if ((jammer_stats_init==OPC_TRUE)&& (user_id < COMMAND_LINK))
op_stat_global_write (link_gshandlefuser_id], pe);
}

/*T1  nart computes num_errs for the packet */
/* Cane 1 af L2 bit error rate is zero, s01s the number of ¢icg .
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ifipe=0.0llseg_size==0)
num_errs =0;
/* Case 2: if the bit ecror rate is 1.0), then all the bits are in error.*/
/* (note however, that bit error rates should not normally exceed 0.5).*/
elseif (pe>»>= 1.0)
num_errs = sce,_size;
/* Case 3: The biw error rate is not zero or one, */
else
{
/* If the bit error rate is greater than 0.5 and less than 1.0, invert*/
/* the problem to find instead thie number of bits that are not in error*/
/* in oxder to acelerate the performance cf the algorithm. Set a flag*/
/* to indicate that the result will then have to be inverted.*/
if (pe >0.5)
{
pe= 1.0-pe,
invert_exrors = OPC_TRUEL;
}
/* The erzor count can be obtained by mapping a uniform random number */
/*in[C, 1] via the inverse of the cumulative mass function (CMF) */
/* for tne bit error count distribution. */
/* Obtain a uniform random number in [0, 1{ to represent */
/* the value of the CDF at the outcome that will be produced. */
r=op_disi_uniform (1.0);
/* Integrate probability mass over possible outcomes until r is exceeded. */
/¥ The loop tieratively comresponds to "inverting” the CMF siuce it finds*/
/* the bit error count at which the CMF first meets or exceeds the value r.*/
for(p_accum=0.0, num_emrs = 0; num_errs <= seg_Sizd; BUm_eiTs+)
{
/* Compure the probabiiity of exactly *aum_errs’ bit errors occurring. */
/* The probability that thz first 'num_crrs’ bits will be in error */
/* i5 given by pow (pe. nuin_eirs). Here it is optained in logarithmic*/
/* lorm to uvoid underflow for small 'pe’ or large 'num_errs_jam’.*/
log_p! = (double) num_eers * iog (pe);
/* Similarly, obtain the probability that the remaining bits will not */
/* bein error. The combination of these two events represents one */
/* possible configuration of bits yielding a total of "num_etrs’ emrors. */

1og_p2 = {doubic) (53g_size - Duiu_&:1s) * lvg (1.0 - pej;
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/* Compute the number of arrangements that are possible with the same */
/* number of bits in error as the particilar case above. Again obtain */
/* this number in logarithinic form (to avoid overflow in this case).*/
/* This result is expressed as the Jogarithmic form of the formula for*/
/* the nimbzr N of combinations of k items from n: N =n!/(n-k)!k!"
log_arrange=log_factorial (seg_size) -
log factorial (num_errs) -
log factorial (seg size - num_errs),
/* Compure the probability that exactly "'num_errs’ are present */
/* in the segment of bits, in any arrangement. */
p_exact =exp (log_arrange +log _pl +log_p2);
/* Add this to the probability mass accumulated so far for previously */
/* tested outcomes 10 obtain the value of the CMF at outcome = num_errs.*/
p_accum += p_exact; :
/*'num_errs_jam’ is the outcome for this trial if the CMF meets or exceeds */
/* the uniform random value selected earlier. */
if (p_accum >=r)
break;
}
/* If the bit eitor rate was iaverted to compute co: rect bits instead, then */
/* reinvert the result to obtain the number of bits in error. */
if (invert_errors == OPC_TRUE)
Dum_eITs = S€g_Size - DUm_2ITs,
}
[*printi("num_of_ecrrors = %5d\n", num_errs);*/
/* Set number of bit errors in packet transmission data atwibute. */
op_td_set_int (pkptr, OPC_TDA_PT_NUM_ERRORS, nun._errs),
FOUT
}
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APPENDIX C

RING 0 LLC_SINK MODULE CODE
“cp_fddi_sink.pr.c”

/* Process model C form file: cp_fddi_sink.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “cp_fddi_sink.pr.h”
FSM_EXT_DECS

/* Header block */

/* Globals */

/* array format installed 20JANS4; positions 0-7 represent the asynch priority levels, PRIORITIES
+1%

/* represents synch traffic, and grand totals are as given in the original. */

#defice PRIORITIES 8 /* 20JAN94 */

#define XMITTER _ONEDO /*10MAY94*/

#deline XMITTER_TWOl

#define XMITTER_THREE2

#define XMITTER_FOUR3

static /* OSFEB9%4 */

double fddi_sink_accum_delay = 0.0;

static /* OSFEB%4 */

double fddi_sink_accum_delay_a[PRIORITIES -+ 1] = {0.0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0});

static /* OSFEB9%4 */
int fddi_sink_total_pkts = 0,
static /* QSFEB94 */

int fddi_sink_total_pkts_a[PRIORITIES + 1] = {0, 0.9, 0,0, 0,0, 0, 0};

static /* QSFEB% */

double fddi_sink_total_bits = 0.0;

static /* 0SFEB9%4 */

double fddi_sink_total_bits_a[PRIOQRITIES + 11 = [00,00, 00, 0.0, 0.0, 0.0,0.0, 0.0,
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0.0};
static /* OSFEB94 */
double fddi_sink_peak_delay = 0.0,

static /* OSFEB94 */

double fddi_sink_peak_delay_a[PRIORITIES + 2] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0};

static /* OSFEB94 */

int fddi_sink_scalar_write = 0,

static /* OSFEB9%4 */

int pri_set = 20; /* 20JAN%4 */

static

int subq_index = Q; /* SAPR94 */

static

double buffer[41={0.0,0.0,0.0,0.0}; /*10MAY94*/

/* siatistics used for CDL throughput */

static /* 20APR94 */

int fddilp1_total_pkts = 0,

static

int fddilp! _total_pkts_a[PRIORITIES + 1] = {0, 0,0, 0,0, 0.0, 0, 0};

static

double fddilp1_total_bits = 0.C;

static

double fddilp1_total_bite_a[PRIORITIES + 1} = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.9, 0.0,
0.0};

/* Externally defined globals. */
extern doublefddi_t_opr [};

J*12JAN94:attributes from the Environment file */
double Offered_Load; /* 12JAN94 */
double Asynch_Offered_Load; /* 12JAN94 */

/* transition expressions */
#define END_OF_SIM op_intrp;_type() == OPC_INTRPT_ENDSIM

/* get picture of jamming. this variable allows anyone who*/
/* is writing to the global statistic to ensure it has */

/* been initialized. 20AUGS4*/

int jammer_stats_init=OPC_FALSE,

Gshandle link_gshandle[4],

/* State variable definitions */

80




typedef struct
{
FSM_SYS_STATE
Gshandle sv_thru_gshandle;
Gshandle sv_m_delay_gshandle;
Gshandle sv_ete_delay_gsihandle;
Gshandle sv_thru_gshand. :_a[1J];
Gshandle sv_m_delay_gshandie_&[10];
Gshandle sv_ete_delay_gshandie_a[9];
Gshandle sv_t_gshandle;
Gshandle sv_t_gshandle_a[10];
Objid sv_my_id;
int sv_PPP_seq_number;
double sv_time;
} cp_fddi_sink_state;

#define pr_state_ptr ((cp_fddi_sink_state*) SimI_Mod_State_Pur)
#define thru_gshandle pr_state_ptr->sv_thru_gshandle

#define m_delay_gshandle pr_state_ptr->sv_m_delay_gshandle
#define ete_delay_gshandle pr_state_ptr->sv_ete_delay_gshandie
#define thru_gshandle _a pr_state_pa->sv_thru_gshandle a

#define m_delay_gshandle_a pr_state_ptr->sv_m_delay _gshandle_a
#deiine ete_delay_gchandle_a pr_siate, _Dtr->sv_ete_delay_gshandle a

#define (_gshandle pr_state_ptr->sv_t_gshandle
#define t_gshandle_a pr_state_ptr->sv_t_gshandle_a
#define my_id pr_state_ptr->sv_my_id

#define PPP_seq_number pr_state_ptr->sv_PPP_seq number
#idefine time pr_state_ptr->sv_time

/* Process model interrupt handling procedure */

void

cp_fddi_sink (
{
Gousle delay, creat_time;
Packet* pkptr;
Packet* pkptrl ; /*SAPRO4*/
Packet* ppp_pkptr;/* | STUN94*/
int src_addr, my_addr;
int dest_addr;/* 14 APRO4*/
Ici*  from_mac_ici_ptr;

doubls fddi sink g,
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int xmit_subg_index;/*HAPRIY/

int load_balzice_code; F6APRM*/

int y,5ubq_no; /*25APRO4*/

int index; /*1OMAY 94 ¥/

doulle link_mon_trans_rate; /*15TUNO4Y/

char  suQ[512], strl [512]; /* {or diaguostics™/
it mon_pkt_size; /426JUL*/

double sim_duration; /*26JUL*/

FSM_ENTER (cp_fddi_sink)

FSM_BLOCX_SWITCH
{

 S— R Y
2% stare (DISCARD) enter execotivas =/
FSM_STATE_ENTER_UNFORCED (8, s.ate0_enter_exec, “DISCARD™)

{
* detensing type of interrupc: 10MAY94 */
switch (op_ inapt_type())
{
case OPC_INTRPY STAT:
/* the interrupt is caused by the anscitters” status */
{
index = op_ tuapt_stai(),
switch{zudex)
{
casec XMIVTER_ONE:
{
buticr{Q] = op_stat_local_read(XMITTER_ONE);
break,
}
case XMITTER_TWO:
{
buffer{1] = op_stat_incal_read(XMITTER_TWO);
break;
}
case XMITTER_THREE.
{
buffer[2] = op_stat_local_read(XMITTER_TIHREE);
break;
}
case XMITTER_FOUR:
{
buffer{3] = op_stat_local_read(XMITTER_FOUR),
break;
}
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default:

{
op_sim_end(“*** FDDI-CDL : FATAL ERROR”,”Unexpected stat

M Ny H')).
? ’

interrupt”,
}

}

break;

}
case OPC_INTRPT_STRM:
;* the interrupt is caused by the incoming packets */

{
/* get the packet and the interface control info */
pkptr = op_pk_get (op_intrpt_strm ());
from_mac_ici_ptr = op_intrpt_ici ();

/* 20JAN94: get the packet’s priority level, which */

/* will be used to izdex arrays of thruput and delay */

/* computations. */

/* pri_set = op_pk_priority_get (pkptr);, doesn’t work here */
op_pk_nfd_get (pkptr, “pri”, &pri_set); /* 29JAN94 */

/* determine the time of creation of tize packet */
op_pk_nfd_get (pkptr, “cr_time”, &creat_time),

/* 18APR94:determine the destination address of the packet */
op. pk_nfd_get (pkptr, “dest_addr”, &dest_addr);

/* 20APR9%4:determine the source address of the packet */
op_pk_nfd_get (pkptr, “src_addr”, &src_addr);

/* 7TAPR94: determine which load baiancing algorithm is in use */
op_ima_obj_attr_get ( my_id, “load balancing algorithm”, &load_balance_code ),

/* 14APR94 : also get my own address */
op_ima_obj_atir_gei ( my_id, “station_address”, &my_addr);

/* destroy the packet */

/* op_pk_destroy (pkptr); */

/* O3FEB9%4: rather, enqueue the packet. This will be the */

/* first s'ep toward developing a LAN bridging structure. */

/* -Nix */

/* op_subq_pk_insert (pri_sei, pkptr, OPC_QPOS_TAIL); */

/* 14APR94: check the frame passed 1o “lic” 1s destined for */

/* this station. If it is destroy the packet and update the local traffic */
/* statistics; if not, allocate the packets */

1 3 tevmrd Fam alan mmo man T b
/* to the wancmitters since they are destined for thc rcmoie lan ¥/
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/* update also incoming return link statistics for the frames */
/* which will be queued in llc_sink to be sent to remote lan,*/
/* -Karayakaylar */

if((dest_addr == my_addr)&&(src_addr < my_addi))
{
/* add in its size */
fddi_sink_total_bits += op_pk_total_size_get (pkptr);
fddi_sink_total_bits_a[pri_set] += op_pk_total_size_get (pkptr); /* 20JAN-20APR94 */

/* accumulate delays */

delay = op_sim_time () - creat_time;

fddi_sink_accum_delay += delay,
fddi_sink_accum_delay_a[pri_set] += delay; /* 20JAN-20APRG4 */

/* keep wack of peak delay value */
if (delay > fddi_sink_peak_delay)
fddi_sink_peak_delay = delay;

/* 20JAN94: keep track by priority levels as well 23JAN-Z0APE94 +/
if (delay > fddi_sink_peak_delay_a[pri_set])
fddi_sink _peak_delay_alpri_set] = delay;

op_pk_destroy (pkptr);

/* increment packet counter; 20JANS4 */
fddi_sink_total_pkts++;
fddi_sink_total_pkts_a[pri_set]++;

/* if a multiple of 25 packets is reached, update stats */
/* 03FEB94: [0]->]7] represent asynch priorities 1->8, */
/* respectively: [8] represents synchronous traffic, */
/* and [9] represents overall asyachronous traffic.-Nix */
/*if (fddi_sink_total_pkts % 25 == 0)

{

op_stat_global_write (thru_gshandle,

fddi_sink_total_bits / op_sim_time ());

op_stat_global_write (thru_gshandle_a[pri_set],
fddi_sink_total_bits_a[(0] / op_sim_time());
op_stat_global_write (thru_gshandle_a[0],
fddi_sink_total_bits_a[1] / op_sim_time());
op_stat_global_write (thru_gshandle_af1],
fddi_sink_total_bits_a[pri_set] / op_sitn_time());
op_stat_global_write (thru_gshandle_a[2],
fddi_sink_total _bits_a[2] / op_sim_time());

mtns sl b Ao
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fadi_sink_total_bits_al3]} / op_sim_time()):
op_siat_global write (thru_gshandle af4],
fddi_sink_total_tits_af4]/ op_sim_time()).
op_stat_global_write (thru_gshandle_a[5],
fddi_sink_total_bits_a[5] / op_sim_titne());
op_stat_glebel_write (thru_gshandle_a[6],
fddi_sink_total_bits_al6] / op_sim_time());
op__stat_global_write (thru_gsnandle_a[7],
fddi_sink_total_bits_a[7] / op_sim_time());
op__stat_global_write (thru_gshandle_za([8],
fddi_sirk_total_bits,_a{8] / op_sim_time());
*/
/* 30JAN94; gather all asynch stats into onc overall figure */
/*op_stat_global_write (thru_gshandle_a[9],
(fddi_sink_total_bits - fddi_sink_tntal_bits _a[8]) /
op_sim_time()),
*/

/* (fddi_sink_total bits_a[0] + fddi_sink_total_biis_a[l] + */
/* fddi_sink_total_bits_a[2] + fddi_sink_total_bits_a[3] + */
/* fddi_sink_total_bits_a[4] + fddi_sink_total_bits_a[5] + */
/* fdd1_sink_total_bits_a[6] + fddi_sink_total_bits a[7])/ *j
/* op_sim_time()); */

/¥
op_stat_global_write (m_delay_gshandle,
fddi_sink_accuin_delay / fddi_sink_total_pkts);

op_stat_global_write (m_delay_gshandle_aj0],
fddi_sink_accum_delay_a[0] / fddi_sink_total_pkts_a[0]);
op_stat_global_write (m_delay_gshandle_afl],
fddi_sink_accum_delay_a[!] / fddi_sink_total_pkts_a[1]);
op_sua:_global write (m_delay_gshandle_a[2],
fddi_sink_accum_delay_a[2] / fddi_sink_total _pkts_a[2]);
op_stat_global_write (m_delay_gshandle_a[3],
iddi_sink_accum_delay_a[3)] / fddi_sink_total_pkts_a[3]);
op_stat_global_write (m_delay_gshandle_a[4],
fddi_sink_accum_delay_a[4] / fddi_sink_total_pkts_a[4]);
op_stat_global_write (m_delay_gshandle_a[5],
fddi_sink_accum_delay_a[5] / fddi_sink_total_pkis_a[5]});
op_stat_global_write (m_delay_gshandle_af6).
fddi_sink_accum_delay_a[6) / fddi_sink_total_pkts_a[6]);
op_stat_global_write (m_delay. gshandle_a[7],
fddi_sink_accum_delay_a[7] / fddi_sink_total_pkts_a[7]),
op_stat_globa:_write (m_delay_gshandle_a[8],
fddi_sink_accum_delay_a[8] / fddi_sink_total_pkts_a[8]);
*/
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/* 30JAN94: gather all asynch stats into one figure */
[*op_stat_global_write (n_delay_gshandle_a[9],

(fddi_sink_accum_delay - fddi_sink_accum_delay_a[8]) /
(fddi_sink_total_pkts - fddi_sink_total_pkts_a[8])):

*{

/* (fddi_sink_accum_delay_a[0] + fddi_sink_accum_delay_a[1] + */
/* fddi_sink_accum_delay_a{2] + fddi_sink_accum_dclay_a[3] + */
/* fddi_sink_accum_delay_a[4] + fddi_sink_accum_delay_a[5] + */
/* fddi_ sink_accum_delay_a[6] + fddi_sink_accum_delay_a[7]) / */
/* (fddi_sink_total_pkts_a[0] + fddi_sink_total_pkts_a[1] + */
/* fddi_sink_total_pkts_a[2] + fddi_sink_total pkts_a[3] + */
/* fddi_sink_total_pkts_a[4] + fddi_sink_total pkts_a[5] + */
/* fddi_sink_total_pkts_a[6) + fddi_sink_total pkts_a[7])); */

/* also record actual delay values */
[*op_stat_global_write (eic_delay_gshandle, delay);
op_stat_global_write (ete_delay_gshandle_a[pri_set], delay),
}
*/
} /* end of if(dest_addr == my_addr)&&(src_addr < my_addr) statement */

/* 20APR%4destroy the packets coming from the remote lan destined for this*/
/* station. These packets are not counted for local waffic.*/
[*else */if(dest_addr == my_addr)

op_pk_destroy(pkptr);

/* 20APR94; check the frame passed to “lc” is destined for remote lan */
/* This will allow only the packets to be counted for CDL traffic.*/

/* -Karayakaylar */

else

{

/* add in its size */
fddilp! _total_bits += op_pk_total_size_get (pkptr),
fddilp1_total_bits_a[pri_set] += op_pk_total_size_get (pkptr). /* 20APR94 */

/* increment packet counter; 20APR% */
fddilpl _total_pkis++,
fddilp1_total_pkis_a[pri_set]++;

/* if a multiple of 25 packets is reached, update stats */
/* [0]->[7] represent asynch priorities 1->8, */
/* respectively; [8] represents synchronous traffic, */

/* and 10] ranraecante averall acvnchronone traffic -Nix */
J¥ ang (3] reprecente averall acynchronons ratie iy
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/¥if (fddilp1_total_pkts % 25 == ()
{
op_stat_giobal _write (t_gshandle,
fddilp1_total_bits / op_sim_time ()),

op_stat_global_write (1_gshandle_a[pri_set],
fddilp1_total_bits_a[0] / op_sim_time());
op_stat_global_write (t_gshandle_a[0],
fddilp1_total_bits_a[l] / op_sim_time());
op_stat_global_write (t_gshandle_al1].
fddilp1_total_bits_a[pri_set] / op_sim_time());
op_stat_global _write (t_gshandle a[2],
fddilp1_total _bits_a[2] / op_sim_time());
op_stat_global_write (t_gshandle_a[3],
fddilpl_total bits_a[3} / op_sim_time());
op_stat_global_write (t_gshandle_af4],
fddilp1_total _bits_a[4] / op_sim_time());
op_stat_global_write (t_gshandle_a[5],
fddilp1_total_bits_a[5] / op_sim_time());
op_stat_global_write (t_gshandle_a[6],
fddilp1_total_bits_a[6] / op_sim_time());
op_star_global_write (t_gshandle_a[7],
fddilp1_total_bits_a[7] / op_sim_time());
op_siai_globai_write (1_gshandie_a{8],
fddilpl_total _bits_a[8] / op_sim_time());
*/
/* gather all asynch stats irto one overall figure */
[*op_stat_global_write (t_gshandle_a[9],
(fddilp1_total_bits - fddiip1_total_bits_a[8]) /
op_sim_time());

*/

/* (fddilp1_total_bits_a[0] + fddilp1_total_bits_a[1] + */
/* fddilp1_total_bits_a[2] + fddilp]_xotal bits_a[3] + */

/* fddiip1_total_bits_a{4] + fddilp1_total_bits_a[5] + */

/* fddilpl_total_bits_a[6] + fddilpi_total_bits_a[7]) / */

/* op_sim_time()); */

[*}*/
/*15JUN94 : before allocating, encapsulate the FDDI frame into a PPP packet */
pPp_pkptr = op_pk_create_fmt (“ppp_ml”);
op_pk_nfd_set (ppp_pkptr, “seq_number”, PPP_seq_number++);
op_pk_nfd_set (ppp_pkptr, “FDDI_frame”, pkp'r),

/* 14APR94 :allocate the packets to lic_sink subgnenes */
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/* 6APR94 -Karayakaylar*/
/* check if load balancing algorithm is circular */
/* zero(0) is the circular load balancing code */
if (load_balance_code == 0)
{
/* SAPR94 */
/* Apply load balancing to insert the packets in the */
/* subqueues, in a circular order */
subg_no = subq_index % 4;
op_subq_pk_insert(subq_no, ppp_pkptr, OPC_QPOS_TAIL); /*15JUN altered 1o
send ppp*/ '
subq_index++;
}

/* 25APRNM */

/* check if load baiancing algorithm is empty allocation */

/* one(1) is the empty allocation load balancing code */

if (load_balance_code == 1)
{
/* Apply lwad balancing 1o insert the packets ia the */
/* subqueues by choosing the subgueue which has the maximum current */
/* number of free packet slois */
subq_no = op_subq_index_map(OPC_QSEL_MAX FREE PKSIZE}
op_subq_pk_insert(subg_no. ppp_pkptr, OPC_QPOS_TAIL); /*15JUN altered t

send ppp*/

}

H*if(dest_addr > my_addr) statement */
break;
}/* end of case OPC_INTRPT_STRM statement */

case OPC_INTRPT_SELF: /*27JUL94*/
/* if it is a self-interrupt, it is time 1o send a monitoring packet. Send one. */
1
PPp_pkptr = op_pk_create_fmt("ppp”);
op_pk_nfd_set (ppp_pkptr,”pid_h".0xc0);
op_pk_nfd_set (ppp_pkptr,”'pid_1",0x21);
op_ima_obj_atr_get (my_id,"monitoring pki size”, &mon _pkt_size),
op_pk_bulk_size_set (ppp_pkptr. mon_pkt_size);
if (load_balance_code == 1)
{
subq_no = op_subq_index_map( OPC_QSEL_MAX_FREE_PKSIZE);
op_subq_pk_insert (subq_no,ppp_pkpu.OPC_QPOS_TAIL);
}
¢lse if (load_balance_code == 0)

{




subq_no = subq_index % 4;
op_subq_pk_insert (subq_no,ppp_pkpu,OPC_QPOS_TAIL);
subg_index++;
}
break;
}

}/* end of swiich */

/* check if each subqueue is 0ot empty and ransmitier is not busy */
/* irregarcless if an interrupt is received or not 1 AUG4*/
for (xmit_subq_index = 0;xmit_subq_index <=3, ++xmit_suby_index)
{

if ((Yop_subg_empty(xmit_subq_index))\&& (buffer|xmit_subq_index] == 0.0))
{
/*access the first packet ip the subquene */
phptu) = op_subq_pk_removc (xmit_subq_index, OPC_QPOS_HEAD),

/* forward it to the destiration xmitter */
/* associated with the subqueue index */
op_pk_send (pkpu |, xmii_subq_index ),
/*if (op_sim_debug()==0PC_TRUE)

prinit (“packet sent to cp xmir from subgueue %G xmit

[

[

>
v

/** blecking afier enter executives of unforced siate. **/
FSM_EXIT (1,cp_fddi_sinXk)

/** state (DISCARD) exit executives **/
FSM_STATE_EXIT_UNFORCED (0, state0_cxit_exec, "DISCARD")
{
}

/** state DISCARD) rransition processing **/
FSM_INIT_COND (END_OF_SIM)
FSM._DFLT_COND

FSM_TEST_LOGIC ("DISCARD")

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (0, 1, siate | _enier_cxec, ;)
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FSM_CASE_TRANSIT (1, 0, statcO_enter_exec, ;)

}
[ eemmarnsearvamemr——rme—————————— SSSN

/** state (STATS) enter executives *4/
FSM_STATE_ENTER_UNFORCED (1, statel_enter_exec, “STATS")
i
/* At end of simulation, scalar performance statistics */
/* and input parameters are written out. */

op_stat_scalar_write ("RL Throughput (bps), Priority 1,
fddilpl_total_bits_a[0] / op_sim_time ()); /* 20APR94*/

op_siat_scalar_write (“RL Throughput (bps), Prioriiy 2",
1ddilp]_tota! bits_a[l) /op_sim_time ()).

op_star_scalar write (“RL Throughput (bps). Priority 3™,
fddilp1_total_bits_a[2] / op_sim_time (),

op_siat_scalar_write (“RL Throughput (bps), Priocity 4",
fddilp]_total_bits_a[3) / op_sim_time ());

op_stat_scalar_write (“RL Throughput (bps), Priority 5™,
fddilpl_total_bits_a[4] / op_sim_time ());

op_stat_scalar_write (“RL Throughput (bps), Priority 6",
fddilp1_total bits_a(5) / op_sim_time {));

op_stat_scalar_write ( ‘RL Throughput {bps), Priority 7",
1ddilpl_total bits_a[6) / op_sim_time ());

op_stat_scalar_write (“RL Throughput (bps), Priority 8”,

fddilp!_total_bits_a[7] / op_sim_time ());

op_stat_scalar_write (“RL Throughput (bps), Asynchronous™,
(fcdilp1_towl_bits - fddilpl_total_bits_a[8)) / op_sim_time (});

/* (fddilp1_total_bits_a[0) + fddilp1_total_bits_a[1]) + */
/* fddilp1_total_biis_a[2] + fddilp1_total_bits_a[3] + */

/* fddilp1_total_vits_a[4)] + fddilp1_total_bits_a[5) + */

/* fddilp1_total_bits_a[6] + fddilp1_total_bits_a[7]) / */

/* op_sim_time ()); */




cp_stat_scalar_writ: ("RL Throughput (bg2), Synchronous™,
fddilp1_total_bits_a'8) / op_sim_time ());

op_stat_scalar_write (“RL Throughput (bps), Total™,
fddilp1_totai_bits / op_sin_time ()); /*20APR94*/

/* Only one station needs to do this */
if (fddi_sink_scalar_writc)
{
/* set the scalar write flag */
fddi_sink_scalar _write = 1,

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Priority 1",
fddi_sink_accum_delay_a[Q] / fddi_sink_total_pkus_a[0]);

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Priority 27,
fddi_sink_accum_delay_a[1)} / fddi_sink_totsi_pkts_a[1]);

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Priority 3",
fddi_sink_acum_delay_a[2}/ fddi_sink_total_pkts_a[2]);

op_stat_scalar_write (“Mean End-to-End Delay-0) (sec.), Priority 4",
fddi_sink_accum_delay_a[3) / fddi_sink_total_pkts_a[3]);

op_stat_scalar_writc (“Mean End-to-End Delay-0 (sec.), Priority 57,
fddi_sink_accum_delay_a[4) / {ddi_sink_total_pkts_ga[4]);

op_stat_scaiar_write (“Mean End-t0-End Delay-0 (sec.), Priority 6",
fadi_sink_accum_delay_a[5] / fddi_sink_total_pkts_a([5]);

op_stat_scalar_wnte (“Mean End-to-End Delay-0 (sec.), Priority 7,
fddi_sink_accum_delay_a[6) / fddi_sink_total_pkts_a[6));

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Priority 8,
fddi_sink_accum_delay_a[7) / fddi_sink_total_pkts_a[7});

op_stat_scalar_write (“Mean End-t0-End Delay-0) (sec.). Asynchronous™,
(fddi_sink_accum_delay - fddi_sink_accum_deiay_a[8]) /
(fddi_sink_total_pkts - fddi_sink_total_pkts_a[8])):

/* (fddi_sink_accum_delay_a[0] + fddi_sink_accum_delay_a[1] + */
/* fddi_sink_accum_delay_a[2] + fddi_sink_accum_delay_a[3] + */
/* fddi_sink_accum_delay_a[4] + fddi_sink_accum_delay_a[5] + */
/* fddi_sink_accum_delay_a[6] + fddi_sink_accum_delay_a[7])/ */
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/* (fddi_siek_total_pkts_a[0] + fddi_sink_total pkts 2.1] + */
/* fddi_sink_total_pkts_af2] + fddi_sink_total_pkts_al3] + */
/* fddi_zink_total_pkts_a}4] + fddi_sink_total_pkts_a[5] + */
/* fdci_sink_total_pkts_afo] + fddi_sink_total_pkts_a{7])); */

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Synchronous”,
fddi_sink_accum delay_a[8] / fddi_sink_total_pkts_a[8));

op_stat_scalar_write (“Mean End-to-End Delay-G (sec.), Total”,
fddi_sink_accum_delay / fddi_sink_total_pkts);

op_siat_scelar_write (“Throughput-0 (bps), Priority 17,
fdai_sink_total_bits_a[0]} / op_sim_time ());

op_stat_scalar_write {“Throughput-0 (bps), Priority 2”,
fcdi_sink_total_biis_a[1]/ >p_sim_time ());

op_stat_scalar_write (“Throughput-0 (bps), Priority 3”,
fddi_sink_total_bits_a(2] / op_sim_time ());

op_stat_scalar_write (“Throughput-0 (bps), Priority 4",
fddi_sink total_bits_a[3] / op_sim_time (});

op_stat_scalar_write (“Throughput-0 (bps), Priority 57,
fddi_sink_total_hits_a[4] / op_sim_time ());

cp_stat_scalar_write (“Throughput-0 (bps), Priority 6”,
fddi_sink_total_bits_a[5] / op_sim_time ());

op_stat_scalar_write (“Throughput-0 (bps), Priority 7",
fddi_sizk_total bits_a{6] / op_sim_time ());

op_siat_scalar_write {“Throughput-0 (bps), Priority 8",
fddi_sink_total_bits_al7] / op_sim_time ());

op_stat_scalar_write (“Throughput-0 (bps). Asynchronous”,
(fddi_sink_total_bits - fddi_sink_toial_bits_a|8]) / op_sim_time ());

/* (fddi_sink_total_bits_a[0] + fddi_sink total_bits_a[l] + */
/* fddi_sink_total_bits_a[2] <- fadi_sink_total_bits_a[3] + */
/* fddi_sink_total_bits_a[4] + fddi_sink_total_bits_a[5] + */
/* fddi_sink_total_bits_a[6] + fdd:_sink_total_bits_a[7]) / */
/* op_sim_time ()); */



op. stat_scalar_write (“Throvghput-0 (bps), Synchronous”,
fddi_sink_total_bits_a[8] / op_sim_time ());

op_stat_scalar_write (“Throughput-0 (bps), Total”,
fddi_sink_total_bits / op_sim_time ()}

op_stat_scalar_write (“Peak End-to-End Delay-0 (sec ), Priority 17,
fddi_sink_peak_d=lay_a[0]);

op_stat_scalar_write (“Fcak End-to-End Delay-0 (sec ), Priaiity 2",
fddi_sink_pzak_delay_a[1]);

op_stat_scalar_write (“Peak End-to-End Delay-0 (sec.), Priority 3 °,
fddi_sink_peak_delay_a[2]);

op_stat_scalar_write (“Peak End-to-End Delay-0 (sec.), Priority 4”,
fddi_siiic_peak_delay_a[3]);

op_stat_scalar_write (“Peak End-to-End Delay-0 (sec.), Priority 5”.
fddi_sink_peek_delay_a[4]);

op_stat_scalar_write (“Peak End-to-End Delay-0 (sec.), Priority 67,
fddi_sink peak_delay_al5]);

op_stat_scalar_write (“Peak End-\c End Delay-0 (sec.), Priority 7",
fddi_sink_peak_delay_a[6]);

op_stat_scalar_write (“Peak End-to-End Delay-0 (sec.), Priority 8",
fddi_sink_peax_delay_a[7]);

op_star_scaler_write (“Peak End-to-End Delay-0 (sec.), Synchronous',
fddi_sink_peak_delay_a[8]);

op_siat_scajar_write (“Peak End-to-End Delay-1<..c.). Overall”,
fddi_sink_peak_delay),

/* Write the TTRT value for ring 0. This prese: . «x*/

/* the old behavior for single-ring simulations. -/

op_stat_scalar_write ("TTRT (sec.) - Ring 0",
fdi_t_opr [0)):

/* 12JAN94: obtain offered load information from the Environment */
/* file; this will be us=d to provide abscissa information that */
/* can be plotted in the Analysis Editor (see “fddi_sink”” STATS */
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/* state. To the user: it’s your job to keep these current in */

/* the Environment File. -Nix */

op_ima_sim_aur_get (OPC_IMA_DOUBLE, “‘total_offered_load_0", &Offered_}.oad);

op_‘ma_sim_attr_get (OPC_IMA_DOUBLE, “asynch_offered_load_0", &Asynch_Of-
fered_Load),

/* 12JANS4: write the total offered load for this run */
op_stat_scalar_wite (*“Total Offered Load-0 (Mbps)”,
Offered_lLoad);

op_stat_scalar_write (“Asynchronous Offered Load-0 (Mbps)”,
Asynch_Offered_Load);

}
}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (3,cp_{ddi_sink)

/** state (STATS) exit executives **/
FSM_STATE_EXIT_UNFQORCED (1, statel _c:at_exec, “STATS")

{
}

/** state (STATS) transition processing **/
FSM_TRANSIT_MISSING (“STA1S”
* — ™

/** state (INTT) cnrer executives **/

FSM _STATE_ENTER_FORCED (2, state2_enter_csec, “INIT)
{
/* get the gshandles of the global statistic to be obtained */
/* 20JAN94: set array format */
/lt
thru_gshandic_a{0j = op_sta:_global_reg (“'pri | throughput-0 (bps)™');
thru_gshandle_a[!] = op_stat_global_reg (“pri 2 throughput-0 (bps)");
thru_gshandle_a[2) = op_stat_globai_reg (“'pri 3 throughput-0 (bps)");
thru_gshandie_af3] = op_stat_global_reg (“pri 4 throughput-0 (bps)™),
thru_gshandie_af4] = op_stat_global_reg (“pri 5 throughput-0 (bps)");
thru_gshandle _a[5) = op_stat_global_reg (“pri 6 throughput-0 (bps)”);
thru_gshardle_a[6] = op_stat_global_reg (“pri 7 throughput-O (bps)™);
thru_gshandle_al7] = op_stat_glubal_reg (“pri 8 througiput-0 (bps)™);
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thru_gshandle_a[8)] = op _stat_global_reg (“synch throughput-0 (bps)™;
thru_gshandle_a[9] = op_stat_global_reg (“‘async throughput-0 (bps)™);
thru_gshandle = vp_stat_global_reg (“total throughput-0 (bps)”);

m_delay_gshandle_a[0] = op_stat_global_reg (“pri | mean delay-0 (zec.)™);
m_delay_gshandle a[l] = op_stat_global_reg (“'pri 2 mean delay-0 (sec.)”);
m_delay_gshandle_a[2] = op_stat_global_reg (*‘pri 3 mean delay-0 (sec.)™);
m_delay_gshandle_a[3] = op_stat_global_ieg (“pri 4 mean delay-0 (sec.)”);
m_delay_gshandle_af4] = op_stat_global_reg (‘pri 5 mean delay-0 (sec.)”);
m_delay_gshandle_a[5] = op_stat_global_reg (“pri 6 mean delay-0 (sec.)™;
m_delay_gshandle_a[6] = op_stat_global_reg (“pri 7 mean delay-0 (sec.)”);
ni_delay_gshandle_a[7] = op_stat_global_reg (“'pri 8 mzan delay-0 (sec.)”);
m_delay_gshandle_a[8] = op_stat_global_reg (*‘synch mean delay-G (sec.)”);
m_delay_gshandle_a[9] = op_stat_global_reg (‘async mean delay-0 (sec,)™);
m_delay_gshandle = op_stat_global_reg (“total mean delay-0 (sec.)”);

ete_delay_gshandle_a[0] = op_stat_global_reg (“pri 1 end-to-end delay-0 (sec.)”);
ete_delay_gshandle_aj1] = op_stat_giobal_reg (“pri 2 end-to-end delay-0 (sec.)™);
ete_delay_gshandle_a[2] = op_stat_global_reg (“pri 3 end-to-ecd delay-0 (sec.)”);
ete_delay_gshandle_a[3] = op_stat_global_reg (“pri 4 end-to-end delay-0 (sec.)”);
ete_delay_gshandle_aj4] = op_stat_global_reg (“pri 5 end-to-end delay-0 (sec.)™);
ete_delay _gshandle a[5] = op_stat_global_reg (“'pri 6 end-to-end delay-0 (sec.)™);
ete_delay_gshandle_a[6) = op_stat_global_reg (“pri 7 end-io-end delay-0 (sec.)”);
ete_delay_gshandle_a[7] = op_stat_global_reg (“‘pri 8 end-to-end delay-0 (sec.)”);
ete_delay gshandle_al8] = op_stat_global_reg (“svnch end-to-end delay-0 (s=c.)™);

S —

ete_delay_gshandle = op_stat_giobal_reg (“total end-to-end delay-0 (sec.)™);

t_gshandle_a[0) = op_stat_global_reg (“pri 1 RL throughput (bps)™);
t_gshandle_a[l] = op_sta!_global_reg (“pri 2 R1. throughput (bps)™);
t_gshandle_a[2] = op_stat_global_reg (“pri 3 RL throughput (bpz)™);
t_gshandle_a[3) = op_stat_global_reg (“'pri 4 RL throughput (bps)");
t_gshandie_a[4] = op_stat_global_reg (“pri 5 RL throughput (bps)™);
t_gshandle_a[5; = op_stat_global_reg (“'pri 6 RL throughput (bps)");
1_gshandic_a[6) = op_stat_global_reg (“pri 7 RL throughput (bgs)”):
t_gshandle_a[7] = op_stat_global_reg (“pri 8 RL throughput (bps)");
t_gshandie_a[8) = op_stai_global_reg (“synch RL throughput (bps)™);
1_gshandle_a[9) = op_stat_global_reg (“async RL throughput (bps)");
1_gshendle = op_stat_global_reg (“total RL throughput (bps)™);

*/

link_gshandle{0) = op_stat_global_reg (“Link O jamming"’);
link_gshandle[1] = op_stat_global_reg (“Link ! jamming"),
link_gshandle{2] = op_stat_global_reg (“Link 2 jamming");
link_gshandle[3] = op_stat_global_reg (“Link 3 jamming™);
jammer_stats_init = OPC_TRUE,

subg no =0;




* TAPR94.determine id of own processor to use in finding */
/* load balancing attribute and station address of the bridge node */
my_id = op_id_self();

/* 15JUN94; get rate for link monitoring packet transmission */
op._.ima_obj_attr_ge: (my_id, ”link_monitor_trans_rate”, &link_mon_trans_rate );

/* 26JUL94: get duration of the simulation */
op_ima_sim_attr_get (OPC_IMA_DOUBLE, “duration”, &sim_duration);

/* 26JUL94:generate a self interrupt at each time that a monitoring packed*/
/* is to be sent, Since these packets are to be sent at a fixed terate (per */

/* second), the only way to guarantee packet generation in this event */

/* driven simulation is to create an interrupt at the appropriate sim */

/* times, These interrupts will cause a monitoring packet to be sent */

/* through the discard state.*/

for (time= op_sim_time(); time<=sini_duration; time+=link_monr_trans_rate)
{
op_intrpt_schedule_self (cime, Oxc021);
}

/** state (INIT) exit executives **/
FSM_STATE_EXIT_FORCED (2, state2_exit_exec, “INIT™)
{
}

/** state (INIT) transition processing **/
FSM_INIT_COND (END_OF_SIM)
FSM_DFLT_COND
FSM_TEST_LOGIC (“INIT”)

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (0, 1, tate] _enter_exec. ;)
FSM_CASE_TRANSIT (1, 0, state’_enter_exec, ;)
}

/* */




FSM_EXIT (2,cp_fddi_sink)
}

veid

cr . fddi_sink_svar (prs_ptr,var_name,v ir _p_ptr)
c}_fddi_sink_stare*prs_ptr;
chet  *var_name, **var_p_ptr;

{
FIN (cp_fddi_sink_svar (prs_ptr))

*var_p_ptr = VOS_NIL;

if (Vos_String_Equal (“thru_gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_thru_gshandle);

if (Vos_String_Equal (“m_delay_gshandle” Var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_m_delay _gshandle);

if (Vos_String_Equal (“ete_delay_gshandle” var_name))
*var_p_ptr = (Char *) (&prs_pu->sv_ete_delay _gshandle);

if (Vos_String_Equal (“thru _gshandle_a”, var_name))
*var_p_ptr = (char *) (prs_ptr->sv_thru_gshandle_a);

if (Vos_String_Equal (“m_delay_gshandle_a”, var_name))
*var_p_ptr = (char *) (prs _pr->sv_m_delay_gshandle_a);

if (Vos_String_Equal (“ete_delay_gshandle_a” , var_name))
*var_p_pir = (char *) (prs_ptr->sv_ete_delay_gshandle_a);

if (Vus_String_Equal (4 _gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_t _gshandle);

if (Vos_String_Equal (“t_gshandle_a" . var_name))
*var_p_ptr = (char *) (prs_ptr->sv_t_gshandle_a):

if (Vos_String_Equal (“my_id" , var_name))
*var_p_ptr = (char *) (&prs _ptr->sv_my_id);

if (Vos_String_Equal (“PPP_seq_number” var_name))
*var_p_ptr = (char *) (&prs _ptr->sv_PP®_seq number);

if (Vos_String_Equal (“time” , var_name))
*var_p_ptr = (char *) (&prs_pm->sv_time);

FOUT.
}

void
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cp_fddi_sink_diag (
{
double delay, creat_time;
Packet*pkpir;
Packet* pkptrl ; /*SAPR94*/
Packet*ppp_pkptr;/* 15JUN94*/
int src_addr, my_addr,
int dest_addr;/*14APR94*/
Ici* from_mac_ici_ptr;
double fddi_sink_turt;
int  xmit_subq_index;/*SAPR94*/

int load_balance_ccde; /*6APR94*/
int i,subq_no; /*25APR94*/
int index; /*10MAY94 */

double link_mon_trans_rate; /*15JUN94*/

char sw0[512], strl [512]; /* for diagnostics*/
int mon_pkt_size; /*26JUL*/

double sim_duration; /*26JUL*/

FIN (cp_fddi_sink_diag ()

/* find out why straight line syndrome */

op_prg_odb_print_major (“--~+-------DEBUGGING for straight line-----~---*",QPC_NIL);
sprintf (str0, count of packets : (%d)” ,subq_index);

sprintf (st 1,”’subqueue no : (%d)”,subq_no);
op_prg_odb_print_minor (strQ,strl, OPC_NIL),

FOUT,
}

void

cp_fddi_sink_terminate ()
{
double delay, creat_time;
Packet*pkprr;
Packet* pkptrl ; /*SAPR94*/
Packet*ppp_pkptr:/* ISTUN94*/
nt src_addr, my_addr;
int dest_addr;/*14APR94*/
Ici* from_mac_ici_ptr;
double fddi_sink_ttrt;
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int xmit_subq_index;/*SAPR4*/

int load_balance_code; /*6APR94*/
int i,subq_no; /*25APR94*/
int index; /*10MAY94 */

double link_mon_trans_rate; /*15JUNY4*/

char strO[512], strl [512]; /* for diagnostics*/
int mon_pkt_size; /*26JUL*/

double sim_duratic = #*26JUL*/

FIN (cp_fddi_sink_terminate ())

FOUT,
}

Compcode

cp_fddi_sink_init (or_state_pptr)
cp_fddi_sink_state**pr_state_pptr,
{
static VosT_Cm_Obtypeobtype = OPC_NIL;

FIN (cp_fddi_sink_init (pr_state_pptr))

if (obtype == OPC_NIL)
{
if (Vos_Catmem_Register (“proc siatc vars (cp_fddi_sink)",
sizeof (cp_fddi_sink_state), Vos_Nop, &obtype) == VOSC_FAILURE)
FRET (OPC_COMPCODE_FAILURE)
}

if ((*pr_state_pptr = (cp_fddi_sink_state*) Vos_Catmem_Allec (obtype, 1)) == OPC_NIL)
FRET (OPC_COMPCOLE_FAILURE)
clse

{
(*pr_state_pptr)->current_block = 4;
FRET (OPC_COMPCODE_SUCCESS)
}

}




APPENDIX D

RING 1 LLC_SRC MODULE CODE
“sp_fddi_gen.pr.c”

/* Process mode! C form file: sp_fddi_gen.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET systein definitions */
#include <opnet.h.>

#include “sp_fddi_gen pra”
FSM_EXT DECS

/* Header block */
#define MAC_LAYER_OUT_STREAMO
#dcfine LILC_SINK_CUT_STREAM! /*18APRS4S*/

/* define possible service classes for frames */
#define FDDI_SVC_ASYNCO0
#define FDDI_SVC_SYNCI

/* define token classes */
#define FDDI_TK_NONRESTRICTEDO
#define FDDI_TK_RESTRICTEDI

/* dcfine output statistics */
#defire RATIO_OUTSTATO
#¢- in=\ INK_STATUS_OUTSTAT |

/- Lin._status constants 30 JULG4*/
#define GOGD 0
#define BAD 2

/* history trend consta s 30JUL94*/
#define DOWN 0
#define UP 1
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/* redefine absolute value function for floating pt values 28 JUL94*/
#define abs(i) (1)<0 7 -(1): (1)

struct history_element
/* format for linked list of history values 26JUL94*/
{
int pum_errs;
struct history_eclement *next;
} *history;

/* function declaration 28JUL94*/
struct history_element *create_history();

/* State variable definitions */

typedef struct
{
FSM_SYS_STATE
Dismibution* sv_.ater_dist_ptr;
Distribution* sv_len_dist_ptr;
Distribution* sv_dest_dist_ptr;
Distribution* sv_pkt_priority_ptr;

Objid sv_mac_objid;
Objid sv_my_id;

int sv_low_dest_addr,
int sv_high dest_addr;
int sv_station_addr;
int sv_src_addr,

int sv_low_pkt_priority;
int sv_high_pkt_priority,
int sv_ppp_pid_h;

int sv_ppp._pid_I;
double sv_arrival_rate;
double sv_mean_pk_len;
double SV_async_mix;
Ici* Sv_mac_iciptr;
Ici* sv_mac_iciptrl;
Ici* sv_llc_ici_ptr;

Packet* sv_pkptrl;

Packet* SV_ppp_pkptrl;
Packet* Sv. Ppp_pkpu2;
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int sv_hist_len:

in sv_link_status;
int sv_pks_in_error;
double cv_old_ratio;

} sp_fddi_gen_state,

#define pr_stste_ptr ((sp_fddi_gen_state*) Siml_Mod_State_Pr)
#define inter_dist_ptr pr_state_ptr->sv_icter_dist_ptr
#define len_dist_ptr pr_state_ptr->sv_len_dist_ptr
#define dest_dist_ptr pr_state_ptr->sv_dest_dist_ptr
#define pkt_priority_ptr pr_state_ptr->sv_pkt_priority_ptr
#agenne mac_objid pr_state_ptr->sv_mac_objid
#define my_id pr_stare_ptr->sv_my_id

#define low_dest_addr pr_state_ptr->sv_low_dest_addr
#define high_dest_addr pr_state_ptr->sv_high_dest_addr
#define station_addr pr_siate_ptr->;v_station_adds
#defi.c sro_addr pr_state_ptr->sv_src_addr
#define low_pkt_priority pr_state_ptr->sv_low_pkt_priority
#define high_pkt_priority pr_state_pur->sv_hgh_pkt_priority
#define ppp_pid_h pi_state_ptr->sv_ppp_pid_h
#define ppp_pid_1 pr_state_pir->sv_ppp_pid_l
#define arrival_rate pr_state_ptr->sv_arrival_rate
#define mean_pk_len pr_state_ptr->sv_inean_pk len
#define async_mix pr_state_ptr->sv_async_mix
#define mac_iciptr pr_state_ptr->sv_mac_icipir
#define mac_iciptri pr_state_ptr->sv_mac_iciptrl
#define lc_ici_ptr pr_state_pw->3v_lo_ici_ptr
#define pkptrl pr_siate_ptr->sv_pkotrl

#define ppp_pkptrl pr_state_ptr->sv_ppp_pkptr}
#dcfine ppp. pkptr2 pr_state_ptr->sv_ppp_pkpir2
#define hist_len pr_state_ptr->sv_hist_len

#define link_status pr_state_ptr->sv_link_status
#define pkis_in_error pi_sisie_pirT->sv_pkis_in_emor
#define old_ratio pr_state_ptr->sv_old_ratio

/* Process model interrupt handling procedurce */

void
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sp_fddi_gen ()
{

Packet  *pkptr;

int pkien;

int dest_addr;
int 1,). restricted.
int pki_prio.

int pum_cITors,

doub!c new_ratio, upper_thresh, lower_thrash;
double LQR_tans_delta;

Y¥SM_ENTER (sp_fddi_gen)

FSM_BLOCK_SWITCH

{

oo -/

/** state (INIT) enter executives **/

FSM_STATE_ENTER_UNFORCED (0, state0_eater_exec, “INIT")
{
/* determine id of own processor to us¢ in finding atirs */
my_id = op_id_self ();

/* determine address range for uniform desination assignment */
op_ima_obj_attr_get (my_id, “low des: address”, &low_dest_addr);
op_ima_obj_attr_get (mmy_id, “high dest address”, &high_dest_addr);

/* determine object id of connected 'mac’ layer process */
mac_objid = op_tcpo_assoc (my_id, OPC_TOPO_ASSOC_OUT,
OPC_OBIMTYPE_MODULE, MAC_LAYER_OUT_STREAM),

/* daermine the address assigned to it */
/* which is plso the address of this station */
op_ima_obj_attr_get (mac_objid, “‘station_address”, &station_addr);

/* set up a distribution for generation of addresses */
dest_dist_ptr = op_dist_load (“uniform_int", low_dest_addr,
high_dest_addr),

/* added 26DEC93 */
/* determine priority :ange for uniform traffic generation */
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op_ima_obj_attr_get (my_id, “high pkt priority”, &high_pk:_prionty);
op_ima_obj_attr_get (my_id, “low pkt priority”, &low_pkt_priority);

/* set up a disribution for generation of prioriues */
pk_priority_ptr = op_dist_load (“uniform_int”, low_pkt_priority, high pki_priority);

/* above added 26DECS3 ¥/

/* also determise the amival rar2 for packet generation =/
op_ima_obj_atr_get (my_id, “arrival raie”, &arrival_rate);

/* determine the mix of asynchronous and synchronous */
/* traffic. This is expressed as the proportion of */

* asynchronous traffic. i.e a value of 1.0 indicates */

/* that all the produced traffic shall be asynchronous. */
op_ima_obj_attr_get (my_id, “async_mix", &async_mix);

/* set up a distribution for arrival generations */

if (arrival_rate = 0.0)
{
/* aniivals are exponentially distributed, with given mean */
iner_dist_ptr = op_dist_load (“constant”, 1.0/ arrival_rate, 0.0);

/* determine the distritsition for packet size */
op_ima_obj_attr_get (my_id, “mean pk length”, &mean_pk_len);

/* set up corresponding distribution */
len_dist_ptr = op_dist_load (“constant”, mean_pk_len, 0.0);

/* designate the time of first arrival */
fddi_gen_schedule ();

/* set up an interface contro! informaton (ICI) structure */

/* 1o communicate parameters to the mac layer process */

/* (it is more efficient o set one up now and keep it */

/* as a state var.abie than to allocate one on each packet xfer) */
.C_iciptr = op_ici_create (“fddi_mac_req");

}

/* set up history array (dynamically allocated) which will maintain */
/* numbex of errors iu each monitoring packet revd. The numbes of */
/* values (length of the array) saved will be determined by an */
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/* environment attribute. 21JUL94 */
op_ima_obj_ata_get (my_id, “history length”, &hist_len);
history = create_history(hist_len);
printf (“HISTORY\n");
if (op_sim_debug() = OPC_TRUE)
{
for (i=1;i<=hist_len;++i)
{
printf (“%d “,history->num_errs);
history = history->next,
}
printf (‘“\n");
}
}

/** blocking after enter cxccutives of unforced state. **/
FSM_EXTT (1,sp_fddi_gen)

J** state (INIT) exit executives **/
FSM_STATE_EXIT_UNFORCED (0, statel_exit_exec, “INIT")
{
}

/** state (INTT) transition processing **/
FSM_TRANSIT_FORCE (1, statel_enter_exec, ;)

[Eanne e IR

/** state (ARRIVAL) enter executives **/
FSM_STATE_ENTER_UNFORCED (1, statel_enter_zxec, “ARRIVAL")
{
/* This station should receive frames from the other lan as long a. */
/* there are frames in the input suears addressed to this lan */
/*check if the interrupt type is stream imerrupt *//*12 APR94*/
if(op_intrpt_type() == OPC_INTRPT_STRM)
{
/* if it is, get the packet in the input sream causing interrupt */
/* modified for PPP 12JUL94 ¥/
ppp_pkptrl = op_pk_get(op_inupt_strm());
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/* determine type of PPP packet 12JUL94 */
op_pk_nfd_get(ppp_pkptrl,”pid_&", &ppp_pid_h);
/* case on pid_h: 00 - data, OxcO - control 13JUL*/
switch (ppp_pid_h)
{
case 0x00: /* if data, strip header and send as FDDI frame */
/* strip off PPP header 12JUL94*/
if (op_sim_debug()==0OPC_TRUE)
{
printf (“pkt rcvd at sp: data\n”’);
num_errors =oup_td_get_int(ppo_pkptr1 OPC_TDA_PT_NUM_ERRORS);
printf (“number of errors in data - %d\n”’,num_errors),
}
op_pk_nfd_get(ppp_pkptr1,”"FDDI_frame™ &pkptrl),
op_pk_destroy(ppp_pkptrl);
/* get the destination address of the frame : I6APR94 */
op_pk_nfd_get(pkpirl, “des:_addr”, &dest_addr);
/* check if this frame is for the remote bridge statir~ ‘bridge in surface lan) */
if(dest_addr == station_addr)
/* if it is, send the packet to lic_sink directly */
/* in order to prevent overhead of mac access */
op_pk_send(pkptrl, LLC_SINK_OUT_STREAM);/* 19APR%4*/
clse
/* this packet is to send to mac */
{
/* determine the source address of the frame */
op_pk_nfd_get(pkptrl, “src_addr”, &src_addr);
/* set up an ICT structure to communicate parameters o */
/* MAC layer process */
mac_iciptr]l = op_ici_create(*fddi_mac_req™),
/* place the original source address into the ICI *//* 16APR% */
/* “fddi_mac_req" is modified so that it contains the original */
/* scurce address from the Jocal lan(colieciion platiorm) */
op_ici_attr_set(mac_icipwr 1, “src_addr”, src_addr),
/* place tine destination address into the ICI */ /*12APR94*/
op_ici_attr_set(mac_iciptrl, “dest_addr”, dest_addr);
/* assign the service class and requested token class */
/* At this moment the frames coming from the remote lan are assumed */
/* to have the same priority as synchronous frames in order pot to accumalate */
/* packets on the bridge station mac and instead to deliver their destinations */
/* as soon as possible */
op_pk_nfd_set(pkptri, “pri”, 8);
op_ici_attr_ser(mac_iciptrl, “svc_class”, FDDI_SVC_SYNC),
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op_ici_sata_set(mac_iciptrl, “pri”, 8);
op_ici_atir_set(mac_iciprrl, “tk_class”, FDDI_TK_NONRESTRICTED),
/* send the packet coupled with the ICI */
op_ici_install(mac_iciptrl);
op_pk_send(pkptrl, MAC_LAYER_OUT_STREAM);
}
break;
case Oxc0: /* either monitoring packet or LQR */
op_pk_nfd_get (ppp_pkptrl,”pid_1".&ppp_pid_1)
switch (ppp_pid_l)
{
case 0x21: /*monitoring packet*/
printf {“MONITORING PACKET RECEIV=D\y),
num_errors =op_td_get_int(ppp_pkpir! , OPC_TDA_PT_NUM_ERRORS),
printf (“ NUMBER OF ERRORS -->%d\n",num_errors);
if ((num_errors != 0) && (history->num_errs=0))
pkts_in_error++;
else if ((num_errors == () && (history->num_errs != 0))
pkts_in_error--;
printf ( TOTAL NUMBER OF PACKETS IN ERROR --
>%d\n” pkts_in_error),

history->num_errs = num_errors;
history = history->next,

if (op_sim_debug()==OPC_TRUE)
/* print out history values 30JUL34 */
{
for (i=1;i<=hist_len;++)
{
printd (“%d * bistory->nuai_errs);
history = history->next;
}
printf (“\n”);

op_pk_destroy (ppp_pkprrl);

new_rato = (double)pkts_in_error/(double)hist_len:

/* ontstat(0) will be a record of the ratio BAUG94*/

op_stat_local_writec (RATIO_OUTSTAT, new_ratio);

op_ima_obj_attr_get (my_id, “LQR transmission delta”, &LQR_trans_delta);
if (op_sim_debug()==OPC_TRUE)
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printf (“LQR delta - %f new_ratio - %f old_ratio -
%fn" LOR_trans_delta,new_ratio,old_ratio);
/* 8AUG94 This condition allows for tolerance in the ratio
calculation(division) */
if (abs(new_ratio - old_ratio) >= LQR_trans_delta)
{
PPP_Pkptr2 = op_pk_create_fmt (“ppp”);
op_pk_nfd_set (ppp_pkptr2, “pid_h", Oxc0);
op_pk_nfd_set (ppp_pkptr2, “pid_1", 0x25),

op_ima_obj_attr_get (my_id, “upper hysteresis threshold™,
&upper_thresh);

op_ima_obj_attr_get (my_id, “lower hysteresis threshold’,
&lower _thresh);

/* status = GOOD 0 or BAD 2 gend = TJP 1 or DOWN 0 2AUGO4*/
if (new_ratio >= upper_tkresh)
link_status = BAD;
else if (new_ratio <= lower_thresh)
link_status = GOOD;
else link_status = link status - (link_status % 2);/* remove trand value*/

/* outstat( 1) will monitor link status 0-GOOD 1-BAD 8AUG94*/
op_stat_local_write (LINK_STATUS_QUTSTAT, (double) (link_status/
2))

/* rend will change each time */

if (new_ratio > old_ratio) /*up-trend */
link_status += UP,

else link_status += DOWN;

op_pk_nfd_set (ppp_pkptr2, “LQR_info”, link_status);
if (op_sim_debug(}==0PC_TRUE)
{
printf (“resulting LQR pkt\n”),
op_pk_print(ppp_pkpur2);
}
old_ratio = new_ratio;
op_pk_send (ppp. pkpr2, LLC_SINK_OUT_STREAM);
}

if (op_sim_debug()==OPC_TRUE)
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printf (** Latest ratio: %f\n” . new_ratio);
break;

case 0x25:/*LQR from cp - not implemented yet*/
break;
default:
printf (“ERROR: UNKNOWN PPP PACKET - pid_l=0x%x\n"",ppp_pid_l);
op_pk_destroy (ppp_pkptrl);
break;
}
break;
derault;
printf (“ERROR: UNKNOWN PPP PACKET - pid_h=0x%x\n",ppp_pid_h);
op_pk_destroy (ppp_pkpirl),
break;
}

}
/* otherwise, generate the frame */
else
{
/* determine the length of the packet to be generated */
pklen = op_dist_outcome (len_dist_ptr);

/* determine the destination */
/* dont allow this station’s address as a possible outcome */
gen_packet:
dest_addr = op_dist_outcome (dest_dist_ptr);
if (dest_addr != -1 && dest_addr == station_addr)
goto gen_packet;

/* 26DEC94 & 29JAN94: determine its prioricy */
pla_pric = op_dist_outcome (pkt_priority_pa);

/* creatc a packet to send to mac */
pkptr = op_pk_create_fmt (“fddi_lic_fr");

/* assign its overall size. */
op_pk_total_size_ser (pkptr, pkien);

/* assign the time of creation */
op_pi:_nfd_set (pkptr, “cr_time", op_sim_time ());
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}
}

/* place the destination address into the ICE */
/* (e protocol _typ< field will default) */
op_ici_attr_set (mac_iciptr, “dest_addr”, dest_addr);

/* place the source address into the ICI *//* 17APR94*/
op_ici_atr_set (mac_iciptr, “‘src_addr”, station_addr);

/* cssign the priority, and requested token class */
/* also assign the service class, 29JAN94: the fddi_lic_fr */
/* format is modified to include a “pri” field. */
if (op_dist_uniform (1.0) <= async_mix)
{
op_pk_nfd_set (pkptr, “pri”, pkt_prio); /* 29JAN94 */
op_ici_attr_set (mac_iciptr, “svc_class”, FDDI_SVC_ASYNC);
op_ici_attr_sct (mac_iciptr, “pri”, pkt_prio); /* 29JAN94 */
}
elsef
op_pk nfd_set (pkptr, “pri”, 8); /* 29JAN94 */
op. ici_attr_set (mac_iciptr, “‘svc_ciass”, FDDI_SVC_SYNC),
op_ici_attr_set (mac_iciptr, “‘pri”, 8); /* 290JANO4 */
}

/* Request only noarestricied tokens after trapsmission */
op_ici_attr_set (mac_iciptr, “tk_class”, FODI_TK_NONRESTRICTED);

/* Having determined priority, assign it; 26DEC93 */
/* op_ici_attr_set (mac_iciptr, “pri”, pkt_prio); */

/* send the packet coupled with the ICI */
op_ici_install (mac_iciptr);
/* check if destination address is in the local len(collection platform)*/
if(dest_addr <=9)
/* if it is, this packei is 1o send Lic_sink direcily */
op_pk_send (pkpir, LLC_SINK_OUT_STREAM), /*18APR94*/
else
/* if not, the packet is destined for remote lan (surface stations)*/
op_pk_send (pkptr, MAC_LAYER_OUT_STREAM).

/* schedule the next arrival */
fddi_gen_schedule ();
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/** blocking after ¢nter executives of unforced state. **/
FSM_EXIT (3,sp_fddi_gen)

/** state (ARRIVAL) exit executives **/
FSM_STATE_EXIT_UNFORCED (1, statel_exit_exec, “ARRIVAL”")
{
}

/** state (ARRIVAL) transition proczssing **/
FSM_TRANESIT _FORCE (1, statel_eater_exec, ;)
I* , */

FSM_EXTT (0,sp_fddi_gen)
}

void

sp_fddi_gen_svar (prs_ptr,var_name,var_p_ptr)
sp_fddi_gen_state*prs_ptr;
char *var_ngme, **var_p_pfr;
{

FIN (sp_fddi_gen_svar (prs_ptr))

*var_p_ptr = VOS_NIL;

if (Vos_String_Equal (“inter_dist_ptr" , var_name))
*vai_p_ptr = (char *) (&prs_ptr->sv_inter_dist_ptr),

if (Vos_String_Equal (“len_dist_pt” . var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_len_dist_ptr);

if (Vos_String_Equal (“dest_dist_pir” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_dest_dist_ptr);

if (Vos_String_Equal (“pkt_priority_ptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_pkt_priority_ptr);
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if (Vos_String_Equal (“mac_objid” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_objid);

if (Vos_String_Equal (“my_id”, var_name))
*var_p_ptr = (Char *) (&prs_ptr->sv_my_id),

if (Vos_String_Equal (“low_dest_addr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_low_dest_addr);

if (Vos_String_Equal (“high_dest_addr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_high_dest_addr);

if (Vos_String_Equal (“station_addr” , var_name))
*var_p_otr = (char *) (&prs_ptr->sv_station_addr);

i (Vos_string Eaual (“scc_addr” , var_name))
*var_p_ptr = (char *) (&prs_pir->sv_src_addr);

if (Vos_String_Equai (“low_pkt_priority” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_low_pkt_priority);

if (Vos_String_Equal (“high_pkt_priority” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_high_pkt_priority);

if (Vos_String_Equal (“ppp_pid_h", var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ppp_pid_h);

if (Vos_String_Equal (“ppp_pid_1", var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ppp_pid_l);

if (Vos_String_Equal (“arrival_rate” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_arrival_raie);

if (Vos_String_Equal (“mean_pk _len” . var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mean_pk_len);

if (Vos_String_Equal (“async_mix” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_async_mix);

if (Vos_String_Equai (“mac_iciptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_iciptr);

if (Vos_String_Equal (“mac_iciptrl™ , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_iciptrl),

if (Vos_String_Equal (“lic_ici_pu” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_llc_ici_pT);

if (Vos_String_Equal (“pkptrl” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_pkptrl),

if (Vos_String_Equal (“ppp_pkptrl”, var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ppf _pkptrl):

if (Vos_String_Equal (“'ppp_pkptr2"” . var_rame))
*var_p_ptr = (char *) (&prs_pu->sv_ppp _pkptr2).

if (Vos_String_Equal (“hist_len™ , var_namc:))
*var_p_ptr = (char *) (&prs_ptr->sv_hist_len);

if (Vos_String_Equal (“link_status” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_link _status);

if (Vos_String_Equal (“'pkts_in_error” , var_name))
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*var_p_ptr = (char *) (&prs_ptr->sv_pkts_in_error);
if (Vos_String_Equal (“old_ratio” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_old_ratio);

FOUT:
}

void
sp_fddi_ger_diag ()

{

Packet*pkptr;

int  pklen;

int dest_addr;

iot i, restricted;
int pkt_pric;

int num_errors;
doublenew_ratio, upper_thresh, lower_thresh;
doubleLQR_trans delta;

FIN (sp_fddi_gen_diag ()

FOUT,

void
sp_fddi_gen_termingte ()

{

Packet*pkptr,

int pklen;

int  dest_addr,

in* i.i, restricted;
int pkt_prio;

int DuIL_errors,;
doublenew _ratio, upper_thresh, lower_thresh;
doubleLQR_trans_delta;
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*var_p_pu = (char *) (&prs_ptr->sv_pkis_in_ericr);
if (Vos_String_Equal (*‘old_ratio” , var_name))
*var_p_ptr = (char *) (&prs_ptr->¢v_old_ratio);

FOUT,
}

void
sp_fddi_gen_diag ()
{
Packet*pkptr,
int pklen;
int  dest_addr;
int i,j, restricted;
int pki_prio;
int num_eIrors;
doublenew_ratio, upper_thresh, lower_thresh;
doubleLQR _trans_delts;

FIN (sp_fddi_geu_diag ())

FOUT,
}

void
sp_fddi_gen_terminate ()
{
Packet*pkptr;
int pklen;
int dest_addr;
int 1, restricted;
int pkt_prio;
int num_errors;
doublenew_ratio, upper_thresh, lower_thresh;
doubleLQR _trans_delta;
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/* schedule the arrival of next generated packet */
op_intrpt_schedule_self (op_sim_time () + inter_time, 0);

}

struct history_element *create_history(size)
int size;

/* returns a pointer to the first element in a circular linked list */
{
struct histery_element *p, *new, *start;
int i,

for (i=1;i<=size;++i)
{
prind (“inside on iteration %d %d\n” i size);
new = (struct history_ element*)malloc(sizecf(struct history_element));
if ('new)
{
printf(“ERROR: MEMORY ALLOCATION"),
exit(1);
}
if (i==1)
{
p = new;
start = new,;
}
else p->next = new, /* stick new element on end of list*/
new->pext = NULL,;
new->num_errs = 0;
p = new;
}
p->aext = start,
return (sta.t);
}
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APPENDIX E

RING 1 LLC_SINK MODULE CODE
“sp_fddi_sink.pr.c”

/* Process model C form file: sp_fddi_sink.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “sp_fddi_sink.pr.h”
FSM_EXT_DECS

/* Header block */

/* Globals */

/* array format installed 20 AN94; positions 0-7 reptesent the asynch priority levels, PRIORITIES
+1*

/* represents synch traffic, and grand totals are as given in the original. */

#define PRIORITIES § /* 20JAN94 */
#define XMITTER_BUSY 0 /*10MAY9%4 */

#define LLC_SOURCE_INPUT_STREAM | /*26JUL94*/
#define MAC_INPUT_STREAM 0

static /* OSFEB94 */
doubie fddi2_sink_accum_delay = (0.0,

static /* OSFEB94 */

double fddi2_sink_accum_delay_a[PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0};

static /* OSFEB94 */

int fddi2_sink_total_pkts = 0,

static /* OSFEB9%4 */

int fddi2_sink_total_pkts_a[PRIORITIES + 1] = {0.0,0, 0.0, 0,0, 0, 0},

static /* 05FEB94 */

double fddi2_sink_total_bits = 0.0;

static /* 0SFEB94 */

double fddi2_sink_total_bits_a[PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0., 0.0, 0.0, 0.0},

stmsl~ fk NETITITMOA &/
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double fddi2_sink_peak_delay = 0.0;

static /* 0SFEB94 */

double fddi2_sink_peak_delay_a[PRIORITIES + 2} = {0.0, 0.0, 0.9, 0.0, 0.0, 0.0, 0.0, 0.0, 0.C};
static /* OSFEB9%4 */

int fddi2_sink_scalar_write =0,

static /* 0SFEB94 */

int pri2_set = 20; /* 20JAN94 */

double busy = 0.0; /* 10MAY94 */

/* Statistics used for command link:21APR94 */

static

int fddilp2_total_pkts = 0;

static

int fddilp2_total_pkts_a[PRIORITIES + 1] = {0,0, 0,0, 0, 0, 0, 0, 0};

static

double fddilp2_total_bits = 0.0;

static

double fddilp2_total_bits_a{PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0};

/* Externally defined globals. */
extern doublefddi_t_opr [1;

/*12JANS4:attributes from the Environment file */
double Offered_Load; /* 12JAN94 */
double Asynch_Offered_Load; /* 12JAN94 */

/* transition expressions */
#define END_OF_SIM op_iatrpt_type() == OPC_INTRPT_ENDSIM

/* State variable definitioas */

typedef struct
{
FSM_SYS_STATE
Gshandle sv_thru2_gshandle;
Gshandle sv_m2_delay_gshandle;
Gshandle sv_ete2_delay_gshandle;
Gshandle sv_thru2_gshandle_a{10];
Gshandlz sv_m2_dclay_gshandle_a[10];
Gshandle sv_ete?_delay _gshandle_a[9);
Gshandle sv_t2_gshandle;
Gshandle sv_t2_gshandle_a[10];
Objid sv_my_id,

} sp_fddi_sink_state;
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fidefine pr_state_ptr ((sp_fddi_sin";_state*) SimI_Mod_State_Ptr)
#define thru2_gshandle pr_state_ptr->sv_thru2_gshandle

#define m2_delay_gshandle pr_state_ptr->sv_m?2_delay_gsl.andle
#define ete2_delay_gshandle pr_state_ptr->sv_ete2_delay_gshandle
#define thru2 _gshandle_a pr_state_ptr->sv_thru2_gshandle_a

#define m2_delay_gshandle_a pr_state_ptr->sv_m2_deiuy_gshandle_a
#define ete2_delay_gshandle_a pr_state ptr->sv_ete2_delay_gshandle_a

#define t2_gshandle pr_state_ptr->sv_t2_gshandle
#define t2_gshandle_a pr_state_ptr->sv_t2_gshandle_a
#define my_id pr_state_ptr->sv_my_id

/* Process model interrupt handling procedure */

void

sp_fddi_sink ()
{
double delay, creat_time;
Packet* pkptr;
Packet* ppp_piptr;
Packet* pkptrl ; /*SAFRO4%/

int src_addr, my_addr;
int dest_addr;/*14AFR94*/
Ici* from_mac_ici_ptr;

double fddi_sink_tut;

char pk_fornat[10];

int input_stream;

int fd_index, FDDI_frame_size,

FSM_ENTER (sp_fddi_sink)

FSM_BLOCK_SWIICH

{

* -
/** stace (DISCARD) enter executives **/
FSM_STATE_ENTER_UNFORCED (0, state0_enter_exec, “DISCARD")

{

/* determine the type of interrupt */

switch(op_intrpt_type())

{

——]

/* check if transmitter is busy */
case OPC_INTRPT_STAT:
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{
busy = op_stat_local_read (XMITTER_BUSY);
break;
}
/* check if a packet has arrived */
case OPC_INTRPT_STRM:
{
/* get the packet*/
input_stream = op_intrpt_strm();
pkptr = op_pk_get (input_stream);
op_pk_format(pkptr,pk _format);

/¥ if the packet is a ppp control packet from the lic_source */
if ((stremp(pk_tormat,”’ppp’")==0) &&(input_stream == LLC_SOURCE_INPUT_-
STREAM))
{
/* bypass all this and send pkt out on the command link */
}
else

{
/* assume this is a FDDI frame */
from_mac_ici_ptr = op_intrpt_ici ();

/* 20JAN94: get the packet’s priority level, which */

/* will be used to index arrays of thruput and delay */

/* compuiations. */

/* pri2_set = op_pk_priority_get (pkptr); doesn’t work uere */
op_pk_nfd_get (Lkptr, “pri”, &pri2_set); /* 29JAN94 */

/* determine the time of creatino of the packet */
op_pk_nfd_get (pkptr, “cr_time”, &creat_time),

/* determine the dest address of the packet */ /*18APR94*/
op_pk_nfd_get (pkptr, “dest_addr”, &dest_addr);

/* TAPR9%4:determine id of own processor to use in finding */
/* station address of the bridge node */
my_id = op_id_self();

/* 14APR94 : also get my own address */
op_ima_obj_attr_get ( my_id, “station_address”, &my_addr);

/* destroy the packet */

/* op_pk_destroy (pkptr); */

/* 03FEB9%4: rather, enqueue the packet. This will be the */
/* first step toward developing a LAN bridging stucture. */

e RV s
] ~INIX )
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20APR94 */

/* op_subq_pk_insert (pri_set, pkptr, OPC_QPOS_TAIL), */

/* 14 APR94: check the frame passed to “lic” is destined for */
/* this station. If it is destroy the packet; if not, allocate the packets */
/* to the command link transmitter since they are destined for the remote lan */
/* -Karayakaylar */
/* determine the packets coming from surface stations, this will */
/* be counted for local traffic */
/* 9(nine) is model specific, this is the “station_number” of */
/* coliection platform bridge station */
if((dest_addr == my_addr)&&(src_addr > 9))
{
/* add in its size */
fddi2_sink_total_bits += op_pk_total_size_get (pkptr);
fddi2_sink_total_bits_a[pri2_set] += op_pk_total_size_get (pkptr); /* 20JAN-

/* accumulate delays */

delay = op_sim_time () - creat_time;

fddi2_sink_accum_delay += delay;
fddi2_sink_accum_delay_a[pri2_set] += delay; /* 20JAN-20APR% */

/* keep track of peak delay value */
if (delay > fddi2_sink_peak_delay)
fddi2_sink_peak_delay = delay,

/* 20JAN94: keep track by priority levels as well 23JAN-20APR9%4 */
if (delay > fddi2_sink_peak_delay_a[pri2_set])
fddi2_sink_peak_delay_a[pri2_set] = delay,

op_pk_destroy (pkptr);

/* incremeant packet counter; 20JAN94 */
fddi2_sink_total_pkts++;
fddi2_sink_total_pkts_a[pri2_set]++;

/* if a multiple of 25 packets is reached, update stats */
/* 03FEB9%4: [0}->[7] represent asynch priorities 1->8, */
/* respectively; [8] represents synchronous traffic, */
/* and [9) represents overall asynchronous traffic.-Nix */
if (fddi2_sink_total_pkts % 25 == 0)
{
op_stat_global_write (thru2_gshandle,
fddi12_sink_total_bits / op_sim_time ());

op_stat_global_write (thru2_gshandle_a[pri2_set],
tddi2_sink_total_bits_a{0] / op_sim_time());
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op_stat_global_write (thru2_gshandile_a[0},
fddi2_sink_total_bits_a[1]) / op_sim_time());
op_stat_global_-vrite (thru2_pshandle_a[1],
fddi2_sink_total_bits_a[pri2_set] / cp_sim_time());
op_stat_global_write (thm?2_gshandle_a[2],
fadi2_sink_total_bits_a[2] / op_sim_time());
op_stat_global_write (thru2_gshancle_a[3],
fddi2_sink_total_bits_a[3) / op_sim_time());
op_stat_global_write (thru2_gshandle_aj4),
1ddi2_sink_total_bits_a[4] / op_sim_time());
op_stat_global_write (thru2_gshandle_a[5],
fddi2_sink_total_birs_a[5] / op_sim_time());
op_stat_global_write (thru2_gshandle_a[6],
fddi2_sink_total_bits_a[6] / op_sim_time());
op_stat_global_write (thru2_gshandle_a[7),
fddi2_sink_total_biws_a[7] / op_sim_time());
op_stat_global_write (thru2_gshandle_a[8),
fddi2_sink_total bits_a[8] / op_sim_time());

/* 30JANS4: gather all asynch stats into one overall figure */
op_stat_global_write (thru2_gshandle_a[9],
(fddi2_sink_total_bits - fddi2_sink_total_bits_a[8]) /
op_sim_time());

/* (fcdi2_sink_total_bits_a[0] + fddi2_sink_tota!_bits_a[1] + */
/* £fddi2_sink_total_bits_a[2] + fddi2_sink_total_bits_a[3] + */
/* fddi2_sink_total_bits_a[4] + fddi2_sink_total_bits_a[5] + */
/* fddi2_sink_total_bits_a[6] + fddi2_sink_total_bits_a[7]) / */
/* op_sim_xime()); */

op_stat_global_write (m2_delay_gshandle,
fddi2_sink_accum_delay / fddi2_sink_total _pkts);

op_stat_global_write (m2_delay_gshandle_a[0],
fddi2_sink_accum_delay_a[0] / fddi2_sink_total _pkts_a[0]):
op_stat_global_write (m2_delay_gshandle_a[1],
fddi2_sink_accum_delay_a[1] / fddi2_sink_total _pkts_a[1]);
op_stat_global_write (m2_delay_gshandle_a[2),
fddi2_sink_accum_delay_a[2] / fddi2_sink_total_pkis_a[2));
op_stat_global_write (m2_delay _gshandle_a[3],
fddi2_sink_accum_delay_a[3] / fddi2_sink_total _pkts_a[3]);
op_stat_global_write (m2_delay gshandie_a[4].
fddi2_sink_accum_delay_a[4] / fddi2_sink_total _pkts_a[4]);
op_stat_global_write (m2_delay_gshandle_a[5],

£ddi2_sink accum_delay_af5] / fddiZ_sink_rotai _pkis_ajd]);
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op__stat_global_write (m2_delay_gshandle a[6],
fddi2_sink_accum_delay_a[6] / fddi2_sink_total_pkts_a[6]):
op_stoi_global_write (m2_delay_gshandle_a[7],
fddi2_sink_accum_delay_a[7] / fddi2_sink _tota!_pkts_a[7]);
op_siat_global_write (m2_delay_gshardle_a[8],
fddi2_sink_accum_delay_a[8] / fddi2_sink_total_pkts_a[8]),

/* 30JANY4: gataer all asynch stats into one figure */
op_stat_global_write (m2_delay_gshaadie a[9],

(fddi2_sink_accum_delay - fddi2_sink_accum_delay_a[8]) /
(fddi2_sink_total_pkts - fddi2_sink_total_pkts_a[8]));

/* (fddi2_sink_accum_delay_af0] + fddi2_sink _accum_delay_a[l] + */
/* fddi2_sink_accum_delay_a[2) + fddi2_sink_accum_delay_a[3] + */

/* fddi2_sink_accum_delay_a[4) + fddi2_sink_accum_delay_a[5] + */

/* fddi2_sink_accum_delay_a[6) + fddi2_sink_accum_delay_al[7]) / */

/* (fddi2_sink_total_pkts_a[0] + fddi2_sink_total_pkts_a[l] + */

/* fddi2_sink_total_pkts_a{2] + fddi2_sink_total_pkts_a[3] + */

/* £ddi2_sink_totsl_pkts_al4) + fddi2_sink_total_pkts_a[5] + */

/* fddi2_sink_total_pkts_a[6)] + fddi2_sink_total_pkts_a[7])); */

/* also record actual delay values */
op_stat_global_write (ete2_delay gshandle. delay);
op_stat_global_write (ete2_delay_gshandle_a[pri2_set], delay);
}

}/*end of if(dest_addr==my_addr)&&(src_adds > 9)statement */

/* 20APR94: destrey the packets coming from the first 1an destined */
/* for this station. These packets are not counted for local traffic.*/
else if(dest_addr == my_addr)

op_pk_destroy(pkptr);

/* Other frames passed to “lic” should be destined for other lan */
/* i8AFPR94 :ailocate the packets to transmitter of command link */
else

{

/* add in its size */

fddilp2_total _bits += op_pk_total_size_get (pkptr);

fddilp2_total_bits_a[pri2_set] += op_pk_total_size_get (pkptr); /* 20JAN-
20APR94 */

/* increment packet counter; 20APR94 */
iadiipZ_totai_pkis++;
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fddilp2_total_pkts_a[pri2_sei]++;

/* if a multiple of 25 packet; is reached, update stats */
/* [0]->[7] recresent asynch priorities 1->8, */
/* respectively; [8] represents synchronous traffic, */
/* and [9] represents overall asynchronous traific.-Nix */
if (fddilp2_total_pkts % 25 == 0)
{
op_stat_global_writc (t2_gshandle,
fddilp2_total _bits / op_sim_time ());

op_stat_global_write (t2_gshaudle_a[pri2_sez],
fddilp2_total_bits_a[0] / op_sim_time());
op_stat_global_write (t2_gshandle_a[0),
fddilp2_total_bits_a[1] / op_sim_time());
op_stat_global write (t2_gshandle_a[1],
fddilp2_total_bits_a[pri2_set] / op_sim_time()):
op_stat_global_write (12_gshandle_a[2),
fddilp2_total_bits_a[2} / op_sim_time());
op_stat_global write (t2_gshandle_a[3],
fddilp2_total_bits_a[3] / op_sim_time());
op_stat_global_write (t2_gshandle_a[4],
{ddilp2_total_bits_a[4] / op_sim_time());
op_stat_global_write (t2_gshandle_af5]).
fddilp2_total_bits_a[5] / op_sim_time());
op_stat_global_write (t2_gshandle_a[6],
fddilp2 _total_bits_a[6] / op_sim_time());
op_stat_global_write (t2_gshandle_a[7],
fddilp2_total_bits_2[7] / cp_sim_time());
op_stat_global_write (t2_gshandle a[8],
fddilp2_total_bits_a[8) / op_simr time());

/* gather all asynch stats into one overall figure */
op_stat_global_write (t2_gshandle_a[9],
(iddiip2_total_bits - fddiip2_total_bits_a[g]) /
op_sim_time());

/* (fddilp2_total_bits_a[0] + fddilp2_total_bits_a[1] + */
/* fddilp2_total_bits_a[2] + fddilp2_total_bits_a[3] + */

/* 1ddilp2_total_bits_a[4] + fddilp2_total_bits_a[5] + */

/* fddilp2_totel_bits_a[6) + fddilp2_total_bits_a[7]) / */
/* op_sim_time()); */
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/* 21 APR%4:allocate packets to the command link transmitter */
/* altered for ppp 1AUGH */
ppp_pkptr = op_pk_create_fmt(“ppp_ml”);
op_pk_nfd_set (ppp_pkptr, “pid_h", 0x00);
op_pk_nfd_set (ppp_pkptr, “pid_1", 0x3d);
op_pk_nfd_set (ppp_pkptr, “FDDI_frame”, pkptr),
/* put ppp packet on subqueue to be xmitted */
op_subq_pk_insert(0, ppp_pkptr, OPC_QPOS_TAIL),

i/* end of else */
}/* end of else for (if ppp and from LLC_source) */

/* check if this subqueue is empty and transmitter is not busy */
if ((top_snbq_empty(0))&&(busy == 0.0))
{

[*access the first packet in the subqueue */

pkpirl = op_subq_pk_remove (0, OPC_QPOS_HEAD);
/* forward it to the transmitter of command link */

op_pk_send (pkptri, 0);

}

break;
}/* cnd of case OPC_INTRPT_STRM statement */

}/* end of switch */

/** blocking after enter caecutives of unforced state, **/
FSM_EXIT (1.sp_fddi_sink)

/** state (DISCARD) exit executives **/

FSM_STATE_EXIT _UNFORCED (0, state)_exit_exec, *DISCARD”)
{
}
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/** state (DISCARD) transition processing **/
FSM_INIT_COND (END_OF_SIM)
FSM_DFLT_COND

FSM_TEST_LOGIC (“DISCARD")

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (0, 1, statel_enter_cxec, ;)
FSM_CASE_TRANSIT (1, 0, state0_enter_exec, ;)
}

* - *

/** staie (STATS) enter executives **/
FSM_STATE_ENTER_UNFORCED (1, state]_enter_exec, “STATS")
{
/* At end of simulation, scalar performance statistics */
/* and input parameters are written out. */
/* This is for command link throughput :21 APR94*/
op_stat_scalar_write (“CL Throughput (bps), Priority 1”,
fddilp2_total_bits_a[0] / op_sim_tiine ());

op_stat_scalar_write (“CL Throughput (bps), Priority 2”,
fddilp2_total_bits_a[1] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Priority 3",
fddilp2_total_bits_a[2] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Priority 4",
fddilp2_total bits_a[3] / op_sim_time ());

op_stat_scaiar. write (“CL Throughput (bps), Priority 5",
fddilp2_total_bits_a[4] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Priority 6",
fddilp2_total_bits_a[5] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Priority 7,
fddilp2_total_bits_a[6} / op_sim_time ()):

op_stat_scalar_write (“CI. Throughput (bps), Priority 8",
fddilp2_total_biis_a[7] / op_sim_time ());

Op_siat_scaiar_waic (‘CL Torougipuy (bLs), Asynchronons”,
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(fddilp2_total_bits - fddilp2_total_bits_a[8]) / op_sim_time (});

/* (fddilp2_total_bits_a[0] + fddil)»2_total bits_a[1] + */
/* fddilp2_total_bits_a[2] + fddilp2_total_bits_a[3] + */

/* fddilp2_total_bits_a[4] + fddilp2_total_bits_a[5] + */

/* fddilp2_total_bits_a[6] + fddilp2_total_bits_a[7]) / ¥/

/* op_sim_time ()); */

op_stat_scalar_write (“CL Throughput (bps), Synchronous™,
fddilp2_total_bits_a[8] / op_siiz:_time ),

op_stat_scalar_write (“CL Throughput (bps), Total”,
fddilp2_total_bits / op_sim_time ());

/* Only one station needs to do this for the, second ring(Ring 1)*/
if (fddi2_sink_scalar_write)

{

/* set the scalar write flag */

fddi2_sink_scalar_write = 1;

op_stat_scalar_write (“Mean JZind-to-End Delay-! (sec.), Priority 17,
fddi2_sink_accum_delay_a[0) / fddi2_sink_toud_pkts_a[0]);

op_stat_scalar_write (“Mean End-to-End Delay-1(se:..), Priority 27,
fddi2_sink_accum_delay_a[1]/ fddi2_sink_total_pkes_a[1));

op_stat_scalar_write (“Mear End-to-End Delay-1 (sec.), Priority 3",
fddi2_sink_accum_delay_a[’!] / fddi2_sink_total_pkts_al[2]);

op_stat_scalar_write (“*‘Mean End-i0-End Delay-1 (sec.), Priority 4",
fddi2_sink_accum_delay_a[3] / fddi2_sink_total_pkts_a[3]);

op_stat_scalar_write (“Mcan End-to-End Delay-1 (sec.), Priority 57,
fddi2_sink_accum_delay_a[4] / fddi2_sink_total_pkts_a[4})

op_stat_scalar_write (“M¢an End-to-End Delay-1 (sec.), Priority 6™,
fddi2_sink_accum_delay_a[S] / fddi2_sink_total_pkts_a[5]);

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Priority 77,
fddi2_sink_accum_delay_a[6)] / fddi2_sink_total_pkts_a[6]);

op_sta:_scalar_write (“Mean End-to-End Delay-1 (sec.), Priority 8",
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fddi2_sink_accum_delay_a(7] / fddi2_sink_total_pkts_a[7]);

op_stat_scalar_write (“Mean End-t0-End Delay-1 (sec.). Asynchronous”,
(fddi2_sink_accum_delay - fddi2_sink_accum_delay_a[8]) /
(fddi2_sink_total_pkts - fddi2_sink_total_pkts_a[8])).

/* (fddi2_sink_accum_delay_a[0] + fddi2_sink_accum_delay_a[1] + */
/* fddi2_sink_accum_delay_a[2] + fddi2_sink_accum_delay_a[3] + */
/* fddi2_sink_accum_delay_a{4] + fddi2_sink_accum_delay_a[5] + */
/* fddi2_sink_accum_delay_a[6) + fddi2_sink_accum_delay_a[7]) / */
/* (fddi2_sink_total_pkts_a[0] + fddi2_sink_total_pkts_a[1] + */

/* fddi2_sink_total_pkts_a[2] + fddi2_sink_total pkts_a[3] + */

/* fddi2_sink_total_pkts_a[4] + fddi2_sink_total_pkts_a[5] + */

/* fddi2_sink_total_pkts_a[6] + fddi2_sink_total_pkts_a[7])); */

op_stat_scwar_write (“Mean End-to-End Delay-1 (sec.), Synchronous”,
fddi2_sink_accum_delay_a[8] / fddi2_sink_total_pkts_a[8]),

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Total”,
fddi2_sink_accum_delay / fddi2_sink_total_pkts);

op_stat_scalar_write (“Throughput-1 (bps), Priority 1",
fddi2_sink_total_bits_a[0) / op_sin_time ());

op_stat_scalar_write (“Throughput-1 (bps), Priority 2”,
fddi2_sink_total_bits_a[1] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps). Priority 3",
fddi2_sink_total_bits_a[2] / op_sim_time ());

op_stat_scalar_write (“Throughput- 1( bps). Priority 4",
fddi2_sink_total_bits_al3] / op_sim_time (});

op_stat_scaiar_write (“Throughput-1 (bps), Pricrity 5",
fddi2_sink_total_bits_a[4] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps). Priority 6",
fddi2_sink_total_bits_a[5] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps). Priority 7",
fddi2_sink_total_bits_a[6] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps), Priority 8",
fddi2_sink_total_bits_a[7) / op_sim_time ());

Op_stai_scalai_wiiig { “Trougnput-1 (bps), Asynchronous”,
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(fddi2_sink_total bits - fddi2_sink_total_bits_a[8]) / op_sim_time ());

/* (fddi2_sink_total_bits_a[0] + fddi2_sink_total_bits_a[1] + */
/* £4di2_sink_total_bits_a[2] + fddi2_sink_total_bits_a[3] + */
/* fddi2_sink_total_bits_a[4] + fddi2_sink_total_bits_a[5] + */
/* tddi2_sink_total_bits_a[S] + fddi2_sink_total_bits 2[7)) / */
/* op_sim_time ()); */

op_stat_scalar_write (“Throughput-1 (bps), Synchronous”,
fddi2_sink_total_bits_a[8] / op_sim_time ());

op_stat_scalai_write (“Throughput-1 (bps), Total”,
fddi2_sink_total_bits / op_sim_time ();
op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 1",
fddi2_sink_peak_delay_a[0]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 2",
fddi2_sink_peak_delay_af1]);

op_stat_scalar_write (“Peak End-to-End Delay-! (sec.), Priority 3",
fddi2_sink_peak_delay_a[2]);

op_stat_scalar_ write (“Peak End-t~End Delay-1 (sec.), Priority 4”,
fddi2_sink_pcak_delay_a[3]);

op_stat_scalar_write (“Peak Ead-to-End Delay-1 (sec.), Priority 5”,
fadi2_sink_peak_delay_a[4]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 6",
fddi2_sink_peak_delay_a[5]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 77,
fddi2_sink_peak_delay_a[6]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sac.), Priority 8",
fddi2_sink_peak_delay_a[/]):

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Synchronous™,
fddi2_sink_peak_delay_a[8]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Overall”,
fddi2_sink_peak_delay);
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/* Write the TTRT value for ring 0. This preserves*/

/* the old behavior for single-ring simulations.*/

op_stat_scalar_write (“TTRT (sec.) - Ring 17,
fddi_t_opr [1]);

/* 12JANGS4: obtain offered load information from the Environment */

/* file; this will be used to provide abscissa information that */

/* can be plotted in the Analysis Editor (see “fddi_sink” STATS */

/* state. To the user: it’s your job to kecp these current in */

/* the Envircnment File. -Nix» */

op_ima_sim_attr_get (OPC_IMA_DOUBLE, “total_offered_load_1", &Offered_Load),

op_ima_sim_attr_get (OPC_IMA_DOUBLE, “asynch_offered_load_1", &Asynch Of-
fered_Load);

/* 12JAN94: write the total offered load for this run */
op_stat_scalar_write (“Total Offered Loac'-1 (Mbps)”,
Offcred_Lnad);

op_stat_scalar_write (“Asynchronous Offered Load-1 (Mbps)”,
Asynch_Offered_Load),

}
}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (3,sp_fddi_sink)

/** state (STATS) exit executives **/
FSM_STATE_EXIT_UNFORCED (1, state!_exit_exec, “STATS")
{
}

/** state (STATS) transition processing **/
FSM_TRANSIT_MISSING (“STATS")
/# ..... . -

*/

“/** state (INTT) enter executives **/
FSM_STATE_ENTER_FORCED (2, state2_enter_exec, “INIT)
{
/* get the gskandles of the global statistic to be obtained */
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/* 20JAN94: set array format */

thru2_gshandie_a[0] = op_stat_g'nbal_reg (“pri 1 throughput-1 (bps)”);
thru2_gshandle_a[1] = op_stat_global_reg (“pri 2 throughput-1 (bps) ")
thru2_gshandle_a[2] = op_stat_glooal_reg (“‘pri 3 throughput-1 (bps)”),
thru2_gshandle_a[3] = op_stat_global_reg {“pri 4 throughput-1 (bps)”),
thru2_gshandle_a[4] = op_stat_global_reg (“pri 5 throughpui-1 (bps)”);
thru2_gshandle_a[5] = op_stat_global_reg (“pri 6 throughpt -1 (bps)”);
thru2_gshandle_a[6] = op_stat_global_reg (“pri 7 throughpu -1 (bps)”);
thru2_gshandle_a[7] = op_stat_global_reg (“pri 8 throughpt -! (bps)”);
thru2_gshandle_a[8] = op_stat_global_reg (“synch throughput-i (Lps)”);
thru2_gshandle a[9] = op_stat_giobal reg (“async throughpur-1 {bps)”);
thru2_gshandle = op_stat_global_reg (“totzl throughput-1 (bps)”);

m2_delay_gshandle a[0] = op_stat_global_reg (“pri 1 mean delay-1 (sec.)”);
m2_delay_gshandle_a[1] = op_stai_global_reg (“pri 2 mean delay-1 (sec.)"”);
m?2 _delay_gshandle_a[2] = op _stat_global_reg (“pri 3 mean delay-1 (sec.)”),
m?2 _delay_gshandic_a[3] = op_stat_global_reg (“pri 4 mean delay-1 (sec.)”"):
m2_delay_gshandle_a[4] = op_stat_global_reg (“pri 5 mean delay-1 (sec.)”);
m2_delay_gshandle_a[5] = op_stat_global_reg (“pri 6 mean delay-1 {sec.)”);
m2_delay_gshandle_a[6] = op_stat_global_reg (“pri 7 mean delay-1 (sec.)”);
m2_delay_gshandle_a[7] = op_stat_global_reg (“pri 8 mean delay-1 (sec.)”);
m2_delay_gshandle_ a[8] = op_stat_global_reg (“synch mean delay-1 (sec.)");
m2_delay_gshandle_a[9] = op_stat_global_reg (“async mean delay-1 (sec.)”);
m2_delay_gshandle = op_stat_global_reg (“total mean delay-1 (sec.)”);

ete2_delay_gshandle_af0] = op_stat_global_reg (“pri 1 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle afi] = op_stas_global_reg (“pri 2 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle_al2] = op_stat_global_reg (“pri 3 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle a[3] = op_stat_global _reg (“'pri 4 end-to-end delay-1 (sec.)”’);
ete2_delay_gshandle_¢[4] = op_stat_global_:cg (“pri 5 end-to-end delay-! (sec.)”):
ete2_d<lay_gshandle_a[5] = op_stat_global_reg (“'pri 6 end-to-end delay-1 (sec.)”);
cte2_Jelay_gshandle_a[6) = op_stat_global_reg (“pri 7 rnd-t0-end delay-1 (sec.)™);
ete2_delay_gshandle_al7} = op_stat_global_reg (“pri 8 end-to-end delay-1 (sec.)”);
cte2_delay_gshandle_a[8] = op_stat_global_reg (“synch end-to-end delay-1 (sec.)”);
ete2_delay_gshandle = op_stat_global_reg (“:otal end-to-end delay-1 (sec.)”);

t2_gshandle_a[0] = op_stat_global_reg (“pri 1 CL throughput (bps)");
12_gshandle_a(1] = op_stat_global_reg (“pri 2 CL throughput (bps)"),
12_gshandle_a{2] = op_stat_global_reg (“'pri 3 CL throughput (bps)").
12_gshandle_a[3] = op_stat_global_reg (“pri 4 CL throughput (bps)");
t2_gshandie_a[4] = op_stat_global_reg (“pri 5 CL throughput (bps)");
12_gshandle_a[5] = op_stat_global_reg (“pri 6 CL. throughput (bps)”);
t2_gshandle_a[6] = op_stat_global_reg (“pri 7 CL throughput (bps)");
t2_gshandle_a[7] = op_stat_global_reg (“'pri 8 CL throughput (bps)"},
12_gshandle_a[8] = op_stat_glotal_reg (“synch CL throughput (bps)”);
12_gshandle_a[9] = op_stat_global_reg (“‘async CL. throughput (bps)”);
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t2_gshandle = op_stat_global_reg (“total CL throughput (bps)”);

/** state INT1) exit executives **/

FSM_STATE _EX.. FORCED (2, state2_exit_exec, “INT™ )
{
}

/** state (INIT) transition processing **/
FSM_INIT_COND END_OF_SIM)
FSM_DFLT_CGND
FSM_TEST_LOGIC (“INIT")

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (0, 1, statel_enter_exec, ;)
FSM_CASE_TRANSIT (1, O, state)_enter_exec, ;)
}

/* */

FSM_EXIT (2,sp. fddi_sink)
}

void

sp_fddi_sink_svar (prs_ptr,var_name,var_p_ptr)
sp_fddi_sink stare*prs_p,
ch.s  *var_name, **var_p_pu,;

{
FIN (sp_fddi_sink_svar (prs_ptr))
*var_p_ptr = VOS_NIL;

if (Vos_Siring_Equal (“thru2_gshandie” , var_name))
*var_p_ptr = (Char *) (&prs_ptr->sv_thru2_gshandle);
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il (Vos_String_Equal (“m2_delay_gshandle” , var_name))
*var_p_ptr = (Char *) (&prs_ptr->sv_m?2_delay_gshandle);

if (Vos_String_Fqual (“ete2_delay_gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ete2_delay_gshandle);

if (Vos_String_Equal (“thru2_gshandie a”, var_name))
*var_p_ptr = (char *) (prs_ptr->sv_thru2_gshandle_a);

if (Vos_String_Equal (“m2_delay_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_m2_delay_gshandle_a);

if (Vos_String_Equal (“ete2_delay_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_ete2_delay_gshandle_a);

if (Vos_String_Equal (“t2_gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_t2_gshandle);

if (Vos_String_Equal (“t2_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_t2_gshandle_a);

if (Vos_String_Equal (“my_id”, var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_my_id);

FOUT,
}

veid
sp_iddi_sink_diag ()
{
double delay, creat_time;
Packet*pkptr;
Packet*ppp_pkpt;
Packet* pkptrl ; /*SAPRO4*/
int src_addr, my_addr;
int dest_addr;/*14 APR%4*/
Ici*  from_mac_ici_pt;
double fddi_sink_ttrt;
char pk_format{10];
int input_strear;
int fd_index, FDDI_frame_size;

FIN (sp_fddi_sink_diag ())

FOUT,
}
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void
sp_fddi_sink_terminate ()
{
double delay, creat_time;
Packet*pkptr;
Packet*ppp_pkptr;
Packet* pkptrl ; /*SAPR94*/
int src_addr, my_addr;
int dest_addr;/*14APR94*/
Ici* from_mac_ici_ptr,
double fddi_sink_ttrt;
char pk_format[10];
int input_stream,
int fd_index, FDDI_frame_size;

FIN (sp_fddi_sink_terminate ())

FOUT,
}

Compcode

sp_fddi_sink_init (pr_state_pptr)
sp_fddi_sink_state**pr_state_pptr,
{
static VosT_Cm_Obtypeobtype = OPC_NIL;

FIN (sp_fddi_sink_init (pr_state_pptr))

if (obtype == OPC_NIL)
{
if (Vos_Catmem_Register (“'proc state vars (sp_fddi_sink)”,
sizeof (sp_fddi_sink_state), Vos_Nop, &obtype) == VOSC_FAILURE)
FRET (OPC_COMPCODE_FAILURE)
}

if ((*pr_state_pptr = (sp_fddi_sink_state*) Vos_Catmem_Alloc (obtype, 1)) == OPC_NIL)
FRET (OPC_COMPCODE_FAILURE)
clse
{
(*pr_state_pptr)->current_block = 4,
FRET (OPC_COMPCODE_SUCCESS)
}
}
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APPENDIX F

ENVIRONMENT FILE EXAMPLE

“rund.ef”

# cdl4_1b0jam0.ef

# sample simulation configuration file for

# two interconnected 10 station network in the

# existence of pulsed jammer interference (137.088 Mbps channel hierarchy )
# with circular allocation load balancing algorithm

#*+*x Attributes related to loading used by “fddi_gen” ***

# station addresses

* ring(.f0.mac.station_address: 0
* ring0.f1.mac.station_address: 1
*.ring0.f2.mac.station_address: 2
*.ring0.f3.mac.station_address: 3
* ring(.f4.mac station_address: 4
* ring0.f5.mac station_address: 5
* ring0.f6.mac station_address: 6
* ring(.f7.mac,station_address: 7
* ring(.f8.mac.station_address: 8
* ring0.f9.mac.station_address: 9

* ring 1.f0.mac.station_address: 10
* ring1.f1.mac.station_address: 11
* ring1.f2.mac.starion_address: 12
*ring 1.f3.mac.station_address: 13
* ringl.f4.mac.station_address: 14
*ringl.f5.mac.station_address: 15
* ring 1.f6.mac.station_address: 16
* ring1.f7.mac station_address: 17
* ring1.f8.mac.station _address: 18
* ringl.f9.mac.station_address: 19

*.ring0.* . mac.ring_id :0
*ringl.*.mac.ring id :1

# Specific stations may be tailored by specifying the full name:
# for example, top.ring0.f19.llc_src.async_mix ;.5

# This means all stetions must be specified, or individuals

# may be named after the generic is specified.
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# destination addresses for random message generation
#7* * lic_src.low dest address” : 9

#7* * llc_src.high dest address” : 9
#’top.ring0.f0.llc_src.low dest address™ :
#'"'top.ring0.f0.lic_src.high dest address” :

“* ring0.* lic_src.low dest address™: 10
“* ring0.*.llc_src.high dest address™: 19
“* ringl.*llc_src.low dest address™: 0
“* ring1.* llc_src.high dest address™: 19

# range of priority values that can be assigned to packets, FDDI

# standards allow for 8 priorities of asynchronous traffic. MIL3’s

# original model is modified to allow each station to generate muitiple
# priorities, within a specified range.

“* * llc_src.high pkt priority” : 7

“* * lic_src.low pkt priority” : 0

# arrival rate(frames/sec), and message size (bits) for random message
# generation at each station on the ring.

o * * arrival rate”’ ; 250

“* ** mean pk length” : 20000

#"ring0.9.* arrival rate”: {

#'ring0.f9.*.mean pk length”: 0

#"ring1.f9.* arrival rate”: 0

#’ring1.f9.*. mean pk length”: 0

# 7APR%94 - S.Karayakaylar

# determine which load balancing algorithm is in ase in the
# local bridge station (linking node).

# User should specify the algorithm before simulation.

#

# 0 (zero) ----> circular load balancing algorithm (default)
#1 (one) ----> empty allocation algorithm

#

“top.ring0.19.1lc_sink.load balancing algorithm™;0

# 15JUN94 - Tke

# determine rate at which link monitoring packets will be sent (secs/pkt)
# and size of pkt (bits)
“top.ring0.f9.llc_sink.link_monitor_trans_rate™:0.000729
“top.ring0.f9.llc_sink.monitoring pkt size”:5000

# 1 % overhead

# 26JUL94 - Ike
# auributes releted to link monitoring and LQR’s
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# LOR transmission delta - the change in the ratio of

# (bad packets/total pkts in history) when an LQR will be transmitted

# ex: .1 means that an LQR will be sent when the ratio changes by 10%
# hysteresis thresholds determine when to declare a change in the link status
#these also are based on the ratio of bad packets/total pkts in history

# history length is the size of the linked list which holds the number of errors
#in the last x monitoring packets

“* * f9 * LQR transmission delta”:0.099

«* * f9 * ypper hysteresis threshold™:0.5

“* * O * Jower hysteresis threshold”:0.3

“* * 9 * history length”:50

“top.ring1.f9.*.ecc threshold’":0.005

#18AUG94 - Ike

#allow xmission rates to be set at eav. file The corresponding xmtr/rcvr
#irates should be the same. (bits/sec)

“ring0.19.pt_1[0].data rate”:1530000

“ring1.09.pr_1[0].data rate”:1530000

“ring0.f9.pt_2[0].data rate”. 3060000

“rinz1.f9.pr_2[0].data rate”; S060000

“ring0.19.pt_3[0].data rate”: 21420000

“ring1.f9.pr_3{0].data rate”: 21420000

“ring0.f9.pt_4[0).data rate”: 42840000

“ring1.19.pr_4[0}.data rate”: 42840000

# 15APR94 :determine the station address of the bridge node in
# both rings.

“top.ring0.f9.lic_sink station_address™:9

“top.ring1.f9.lic_sink station_address™:19

# 12DEC93: total offered load is the sum of all stations’ loads (Mbps).
# Compute this by hand; this value is useful for generating

# scalur plots where offered load is the abscissa.
total_offered_load_0: 0.18

asynch_cffered_load_0 : 0.162

total_offered load_1:0.18

asynch_»ffered_load_1 : 0.162

# set the proportion of asynchronous traffic

# a valuc of 1.0 indicates all asynchronous traffic
“* % % async_mix” ;0.9
#"top.ring0.f9.1c_src.async_mix” : 1

#*** Ring configuration attributes used by “fddi_mac” ***
# allocate percentage of synchronous bandwidth to each station

# this value should not exceed 1 for all stations combined; OPNET does not
# enforce this; 01FEB%4: this must be less than 1; see equation below
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“* * mac.sync bandwidth” : 0.08955675
#"top.ring0.f9.mac.sync bandwidth”: 0.0

# Targzet Token Rotation Time (one half of maximum synchronous response time)
# (This is commented out for compatibility with the fddi_script, which

# sets T_Req on the simulation command line; remove the comment pound-sign
# below to make this environment file self-sufficient.)

# SUM(SAIi) + D_Max + F_Max + foken_Time <= TTRT

# Powers gives TTRT = 10 ms as necessary for voice transmission; in “BONeS”,
# D_Max + F_Max + Token_Time = 1.97388 ms.

“* * mac.T_Req” :. 004

# Index of the station which initially launches the token

# 17APR94 : -Karayakaylar

# This index should be greater than the maximnum station number

# Bridge stations spawns token for interconnected simulation by defau!t.
“spawn station’:20

# Delay incurred by packets as they raverse a station’s ring interface
# see Powers, p. 351 for a discussion of this (Powers gives lusec,

# but 60.0e-08 agrees with Dykeman & Bux)
station_latency:60.0¢-08

# Propagation Delay separating statiops on the ring.

# If propagation delay is 5.085 microsec/km, this corresponds to

# 10 a 50 station ring with a circumference of 50 km.

# (The value given for propagation delay corresponds to Powers, «id to
# Dykeman & Bux)

prop_delay:5.085¢-06

# CDL link related atributes -Karayakayla: 7APR94

# The attributes below are specified with respect to the jammer type

# There are two types of jamming models which the CDL is exposed to.

#

# (1) Pulsed jammer (jammer_type = 0)

#(2) Channel-swept jammer (jamm: r_type = 1)

#

# NOTE:For pulsed jammer init_jam_offset may be zero, whereas a proper
# offset should be specified for channel-swept jammer.

# jam_length, jam_ber, interval_bet_jam_len, ber_bet_jam_len are inaximum
# vatues in the case of pulsed jammer since they are randomized in the
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# ervor allocation pipeline stage.
# For channel-swept jammer only jam_ber and ber_bet_jam_len attributes are
# maximium values to be randomized.
#retunlinkls Otols_3

# command link 1s_4
*1s_0.jam_length: 0.05

* Is_1.jam_length: 0.02
*1s_2.jam_length: 0.01
*1s_3.jam_length: 0.09

* Is_4.jam_length: 0.05
*1s_0.jam_ber: 2e-3
*1s_1.jam_ber: 2e-3
*1s_2.jam_ber: 2e-3
*1s_3.jam_ber: 2e-3
*15_4.jam_ber: 0.0

* Is_C.interval_bet_jam_len: 0.03
* Is_l.interval_bet_jam_len: 0.03
*1s_2.interval_bet_jam_len: 0.03
* Is_3.interval_bet_jam_len: 0.03
* Is_4.interval_bet_jam_len: 0.03
*1s_0.ber_bet_jam_len: 2e-6
*1s_1.ber_bet_jam_len: 2e-6
*Is_2.ber_bet_jam_len: 2e-6
*1s_3.ber_bet_jam_len: 2e-6
*ls_4.ber_bet_jam_len: 0.0

* Is_0.tnit_jam_offset- 0.0
*1s_l.init_jam_offsei: 0.0
*1s_2.init_jam_offset: 0.0

* Is_3.init_jam_offset: 0.0

* Is_4.init_jam_offset: 0.0
*1s_0.jammer_type: 1
*1s_l.jammer_type: 1

*Is_2 jammer_type: 1
*ls_3.jammer_type: 1
*Is_4.jammer_type: 0

# Return and commiand link propagation delays are specified as 60 msec.
*1s_O.delay: 0.06
*1s_1.delay: 0.06
*1s_2.delay: 0.06
*1s_3.delay: 0.06
* 1s_4.delay: 0.06

#*** Simulation related attnbutes

# Token Acceleration Mechanism enabling flag.
# It is reccomended that this mechanism be enabled for most situations
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# 16APR94 : for bridged fddi_cdl_interconnection network this flag
# must be zero. Otherwise, program fault occurs. -Karayakaylar

# error docum:.ented on MIL3 bbs - Ike

accelerate_token:0

# Run control attributes
seed: 10

#duration: 10.001
verbose_sim; TRUE
upd_int:.1

#os_file:

# (This is commented out for compatibility with the fddi_script, which

# sets the output vector file on the simulation command line; remove the

# comment pound-sign below to make this environment file self-sufficient.)
#ov_file:

# Opnet Debugger (odb) enabling attribute
debug:FALSE
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APPENDIX G

OPNET C-SHELL SCRIPT FILE EXAMPLE
‘““opnet_script”

#! /oin/csh -f
setenv debug FALSE
cd SHOME/op_models/cdl

fddi_cdl.sim -ov_file tester8_1 -ef runi \
-probe fddi_cdl_probe_special -duration 10.001

fddi_cdl.sim -ov_file tester8_2 -ef run2\
-probe fddi_cdl_probe_special -duration 10.001

fddi_cdl.sim -ov_file tester8_3 -ef run3\
-probe fddi_~dl_probe_special -duration 10.001

fddi_cdl.sim -ov_file tester8_4 -ef run4 \
-probe fddi_cdl_probe_special -duration 10.001
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APPENDIX H

TCP RING ¢ LL.C_SRC MODULE CODE
“cp_fddi_gen_tcp.pr.c”’

/* Process model C form file: cp_fddi_gen_tcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/¥ OPNET system definitions */

#include <opnet.h>

#include “cp_fddi_gen_tcp.pr.h”

FSM_EXT_DECS

/* Header block */

#define MAC_LAYER_OUT_STREAM 0

#define LLC_SINK_OUT_STREAM 1 /*18APR94*/
#tdefine RECEIVER_IN_STREAM 0

#define IP_IN_STREAM 1

/* define possible service classes for frames */
#define FDDI_SVC_ASYNCO
#define FDDI_SVC_SYNC 1

/* define wken classes */
#define FODI_TK_NONRESTRICTED 0
#define FDDI_TK_RESTRICTED i

/*ADDITIONS AFTER HERE 10SEP%4 */
/* this can be used if checking to ensure incoming IP dgrams */
#define NET_PROT_IP 0x0800

/* State variable definitions */
tvpedef struct
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{
FSM_SYS_STATE
Obijid sv_mac_objid;

Objid sv_my_id;

int sv_station_eaddr,
int sv_sr¢_addr,;
double sv_arrival_rate;

double sv_mean_pk_len;
double SV_async. mix;
Ici* sv_mac_icipwrl;
Ici* sv_lic_iciptr;
Packet*  sv_pkptrl;

} cp_fddi_gen_tcp_state;

#define pr_statc_pt ((cp. fddi_gen_tcp_state*) SimI_Mod_State_Ptr)
#define mac_objid pr_state_pu->sv_mac_objid
#define my_id pr_state_ptr->sv_mv_id
#define station_addr pr_stace_ptr->sv_station_addr
#define src_addr pr_siate_ptr->sv_src_addr
#define arrivel_rate pr_state_ptr->sv_arrival_rate
#define mean_pk_len pr_state_ptr->sv_mean_pk_len
#define async_mix pr_state_ptr->sv_async_rix
stdefine mac_iciptrl pr_state_ptr->sv_mac_icipirl
#define Uc_icipwr pr state_ptr->sv_lic_icipir
#define pkptrl pr_state_ptr->sv_pkptrl

/* Process vaodel interrupt handling procedure */

void
cp_fddi_gen_tcp ()
{
Packet *pkptr, *ppp_pkptr, *ip_pkptr. *mac_frame_ptr;
int pklen;
i dest_addr;
int i, restricted;
int  ppp_pid_h, ppp_pid_I;
int status;
double creation_time;
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Ici *ip_iciptr;

FSM_ENTER (cp_fddi_gen_tcp)

FSM_BLOCK_SWITCH
{
* — *
/** state (INIT) enter executives **/
FSM_STATE_ENTER_UNFORCED (9, state0_enter_exec, “INIT”)
,}* determine id of own processor to use in finding attrs */
my_id = op_id_self ();

/* determine object id of connected ‘mac’ layer process */
mac_objid = up_topo_assac (my_id, OPC_TOPO_ASSOC_OUT,
OPC_OBIMTYPE_MODULE, MAC_LAYER_OUT_STREAM);

/* determire the address assigned to it */
/* which is also the address of this station */
op_ima_obj_attr_get (mac_objid, “station_address”, &station_addr);

/* set up an interface control information (ICI) strucwre */
/* to communicate parameters to the mac layer process */
/* (it is more efficicnt. to set one up now and keep it */
/* as a state variable thar to allocate one on each packet xfer) */
mac_iciptrl = op_ici_create (“fddi_mac_req_tcp”);
llc_iciptr = op_ici_create ("“fddi_mac_ind_tcp”);
}

/** blocking afie: enter executives of unforced state. *+/
FSM_EXIT (1,cp_fddi_gen_tcp)

/** state (INIT) exit executives **/
FSM_STATE_EXIT_UNFORCED (0, state0_exit_exes, “INIT)
{
}

/** state (ANTT) transition processing **/
FSM_TRANSIT_FORCE (1, statel _enter_exec, ;)
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/** state (ARRIVAL) enter executives **/
FSM _STATE_ENTER_TUNFORCED (|, statel_enter_exec, “ARRIVAL")
{
/* This station should receive frames from the other lan as long as */
/* there are frames in the input sireams addressed to this lun */
/*check if the interrapt type is stream interrupt *//*12APR94*/
if((op_intrpt_type() == OPC_INTRPT_STRM) && (op_intupt_strn() ==
RECEIVER_IN_STREAM))
{
/* if it is, get the packet in the input stream causing interrupt */
PPp.pkptr = op_pk_get(op_intrpt_strm());
op_pk_nfd_get (ppp_pkpt, “pid_h" &ppp_pid_h);
switch (ppp_pid_h) '
{
case 0x00: /* data fiame */
op_pk_nfd_get (ppp_pkptr, “FIODI_frame”, &pkprrl);
op_pk_destroy (ppp_pkpr);
/* 11SEP94 get ICI associated with FDDI LLC frame */
lc_iciptr = op_pk_ici_get (pkpirl):

/* get the destination address of the frame */
/* 16APR%4 */
op_ici_atir_get(Uc_iciptr, “dest_addr”, &dest_addr);
/* check if this frame destined for the local bridge station */
if(dest_addr == station_addr)
{
/* if it 1s, send the packet to lUc_sink direcdy */
/* in order to prevent overhead of raac access */
op_ici_insiall (lc_icipur),
op_pk_send(pkpirl, LLC_SINK_OJT_STREAM)./* I9APR94*/
)
else
/* this pecket is to be sent 1o MAC */
{
/* determine the source address of the frame %/
op_ici_attr_get(lc_tciptr, “'src_addr”, &src_addr),
/* set up an ICI structure to communicate parameters to */
/* MAC layer process (initialized in INIT state)*/
/* place the original source address into the ICI *//* 16APR94 */
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/* “fddi_mac_req” is modified so that it contains the original */
/* source address from the remote lan */
op_ici_atr_set(mac_icipwrl, “‘src_addr”, src_addr);
/* place the destination address into tue ICI */ /*12APR94*/
op_ici_atr_set(mac_iciptrl, *dest_addr”, dest_addr);
/* assign the service class and requested token class */
/* At this moment the frames coming from the remote lan are assumed to have*/
/* the same priority as synchronous frames in order not to accumulate */
/* packets on the bridge station mac and instead to deliver their destinations */
/* as socn as possible ¥/
/*10SEP*M: I don't know why Selcuk did this, so I'll leave the values */
/* but change to conform with the new packet/iCI formats */
op_ici_attr_set(mac_iciprl, “svc_claes”, FDDI_SVC_SYNC),
op_ici_atur_set(mac_icipirl, “pri”, 8),
op_ici_atr_set(mac_iciptrl, “tk_class”, FDDI_TK_NONRESTRICTED),
op_ici_atr_get(mac_iciptrl, “cr_time”, &creation_time);
op_ici_atr_set(mac_iciptrl, “cr_time”, creation_time),
/* send the packet coupled with the ICI */
op_ici_install(mac_iciptri),
op_pk_send{pkptrl, MAC_LAYER_OUT_STREAM);,

}

break;

case OxcQ: /* ppp control packet - either LQR or monitoring pkt*/
/* Since the command link is deemed unjammable, this should */
/* only be for LQR’s. Simply delete them for now until a*/
/* policy is det=rmined on how tc handle the LQR’s.*/
op_pk_nfd_get (pnp_pkptr, “LQR_info"”, &status);
printf (“LQR received at cp *),
switch (status}
{
ase O printf (“status GOOD gend DOWN\');
case 1; printf (“status GOOD trend UP\n”);
case 2: priatf (“status BAD trend DOWN\"),
case 3: printf (“status BAD trend UP\n"),
}
op_pk_destroy (ppp_pkprm).
break;

default:
printf (“ERROR: packet revd at cp: neither data nor control\n™);
break;

} /* end switch ¥/
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} /* end if (op_intrpt_type()==OPC_INTRPT_STRM) && */
/* (op_intrpt_sbm() == RECEIVER _IN_STRM))*/

/* otherwise, it’s an IP dgram. Find destination and send */
/* ALL PAST THIS POINT: edited 11SEP94 */
else if ((op_intrpt_type()==0PC_INTRPT_STRM) && (op_intrpt_strm() ==
IP_IN_STREAM))
{
/* get IP dgram and associated ICI */
ip_pkptr = op_pk_get (op_intrpt_strm());
ip_iciptr = op_intrpt_ici();

/* put IP dgram in FDDI LLC frame */

pkpir = op_pk_create_fmt (“fddi_Lllc_fr_tcp™);

/* Further explanations of this format is in “lic_src_fddi_tcp” ARRIVAL state*/
op_pk_nfd_sei (pkptr, “‘datagram”,ip_pkptr),;

op_ici_attr_get (ip_iciptr, “dest_addr”, &dest_addr);
if(dest_addr > 9)
H

/* if it is, this packet is to be sent lc_sink directly */
/* for xmsn to the remote LAN. The LLC frame must be*/
/* also have an ICI, as if the frame was coming from the MAC*/
op_ici_attr_set (lc_iciptr, “dest_addr”, dest_addr);
op_ici_attr_set (lic_iciptr, “src_addr”, station_addr);
op_ici_attr_set (llc_iciptr, “pri”, 0);
op_ici_attr_set (Uc_iciptr, “cr_time”, op_sim_time());

/* install LL.C ICI and send frame to LLC sink */
op_ici_install (Uc_iciptr);
op_pk_send (llc_iciptr, LLC_SINK_OUT_STREAM); /*18APR94*/
1
else
/* if pot, the packet is destined for local lan, so send LLC*/
/* frame to MAC ¥/
{
/* set up an ICI structure to communicate parameters 1o */
/* MAC layer process (initialized in INIT state)*/
/* place the this station’s address into the ICI *//* 16APR%4 */
op_ici_attr_set(mac_iciptrl, “src_addr”, station_addr);
/* place the destination address into the ICI */ /*1ZAPR94*/
op_ici_attr_set(mac_iciptrl, “dest_addr”, dest_addr);
/* assign the service class and token class IAW REC 1300%/
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op_ici_attr_sc:(mac_iciptrl, “svc_class”, FDDI_SVC_ASYNC),
op_ici_attr_set(mac_iciptrl, “pri”, 0);

op_ici_atu_set(mac_iciptrl, “tk_class”, FDDI_TK_NONRESTRICTED).
op_pk_nfd_get (pkptrl, “cr_time”, &creation_time),
op_ici_attr_set(mac_iciptrl, “cr_time”, creation_time);

/* send the packet coupled with the ICI */
op_ici_install(mac_iciptrl);
op_pk_send (pkptr, MAC_LAYER_OUT_STREAM);,

} /* end else (if((op_intrpt_type() = OPC_INTRPT_STRM) && */
[*(op_intrpt_strm() == IP_IN_STREAM)) */

/** blocking after enter executives of unforced state. **/
FSM_EXIT (3,cp_fddi_gen_tcp)

/** state (ARRIVAL) exit executives **/

FSM_STATE_EXIT UNFORCED (1, statel_exit_exec, “ARRIVAL”)
{
}

/** state (ARRIVAL) transition processing **/
FSM_TRANSIT_FORCE (1, statel_enter_exec, ;)
I+ ' ¥

FSM_EXIT (0,cp_fadi_gen_tcp)
}
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void

cp_fddi_gen_tcp_svar (prs_ptr,var_name,var_p_ptr)
cp_fddi_gen_tcp_state*prs_ptr;
char *var_name, **var_p_ptr;

{
FIN (cp_fddi_gen_tcp_svar (prs_ptr))

*var_p_ptr = VOS_NIL;

if (Vos_String_Equal (“mac_objid” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_objid),

if (Vos_String_Equal (“my_id” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ my_id);

if (Vos_String_Equal (“station_addr” , var_name))
*var_p_ptr = (char *) (&prs_pu->sv_station_addr);

if (Vos_String_Equal (“src_addr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_src_addr);

if (Vos_String_Equal (“arrival_rate” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_arrival_rate);

if (Vos_String_Equal (“mean_pk_len”, var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mean_pk_len);

if (Vos_String_Equal (“async_mix" , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_asyne_mix),

if (Vos_String_Equal (“mac_iciptr]”, var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_mac_iciptrl);

if (Vos_String_Equal (“lic_iciptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_lic_iciptr);

if (Vos_String_Equal (“pkptr]l” , var_name))
*var_p_ptr = (Char *) (&prs_ptr->sv_pkptrl);

FOUT,
)

void
cp_fddi_gen_tcp_diag ()
{
Packet *pkptr, *ppp_pkptr, *ip_pkptr, *mac_frame_ptr,
int pklen;
int  dest_addr;
int i, restricted;
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int  ppp_pid_h, ppp_pid_l;
int status,

double creation_time;

Ici *ip_iciptr;

FIN (cp_fddi_ger_tcp_diag ())

FOUT,
}

void
¢p_fddi_gen_tep_terminate ()
{
Packet *pkptr, *ppp_pkptr, *ip_pkptr, *mac_frame_ptr;
int pklen;
int  desi_addr;
int 1, restricted;
int ppp_pid_h, ppp_pid_L;
int status;
doubie creation_time;
Ici *ip_icipty;

FIN (cp_idai_gen_tcp_terminaie ()

FOUT,
}

Coinpcode

cp_fddi_gen_tep_init (pr_siate_ppir)
cp_fddi_gen_tcp_siate**pr_state _pptr,
{

staiic VosT_Cm_Cbtypeobrype = OPC_NIL,
FIN (cp_fddi_gen_tcp_init (pr_state_pptr))

if (ohivpe == OPC_NIT )

4%




{

if (Vos_Carmem_Register (“‘proc state vars (cp_tddi_gen_tcp)”,
sizeof (cp_fddi_gen_tcp_staie), Vos_Nop, &obtype) == VOSC_FAILURE)
FRET (OPC_COMPCODE_FAILURE)

}

if ((*pr_state_pptr = (cp_fddi_gen_tcp_state*) Vos_Catmem_Allcc (obtype, 1)) == OPC_NIL)
FRET (OPC_COMPCODE_FAILURE)
else
{
(*pr_state_pptr)->current_block = 0;
FRET (OPC_COMPCODE_SUCCESS)
}
}
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APPENDIX 1

TCP RING 0 LLC_SINK MODULE CODE
“cp_fddi_sink_tcp.pr.c”

/* Process model C form file: cp_fddi_sink_tcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definiions */
#include <opnet.h>

#include “cp_fddi_sick tcp.pr.h”
FSM_EXT_DECS

/* Header block */

/* Globals */

/* array format installed 20JAN94; positions 0-7 represent the asyrch priority levels, PRIORITIES
+1 %/

/* represents synch traffic, and grand totals are as given in the original. */

#define PRIORITIES & /* 20JANS4 */

#define XMITTER._ ONE 0 /*10MAY94*/

#define XMITTER_TWQO 1

#define XMITTER_THREE 2

#define XMITTER_FOUR. 3

#define IP_OUT_STRM 4/*11SEP94*/

static /* 0SFEB94 */

double fddi_sink_accum_delay = 0.0;

static /* O5FEB9%4 */

double fddi_sink_accu'n_delay_a{PRIORITIES 4 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0};

static /* OSFEB94 */

int fddi_sink_total_pkts = 0;

static /* O5FEB%4 */

int fddi_sink_ total_pkts_aiPRIORITIES + 1] ={0,0,0,6, 0,0, 0, 0, 0};

_____

. I ATTITIONA Wt
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double fddi_sink_total_bits = 0.0;

static /* 0SFEB94 */

double fddi_sink_total_bits_a[PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0}

static /* 0SFEB94 */

double fddi_sink_peak_delay = 0.0;

static /* 0SFEB9%4 */

double fddi_sink_peak_delay_a[PRIQORITIES + 2] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0};

static /* OSFEB94 */

int fddi_sink_scalar_write = 0;

static /* OSFEB94 */

int pri_set = 20; /* 20JAN94 */

static

int subq_index = 0; /* SAPR% */

static

double buffer[4]={0.0,0.0,0.0,0.0}; /*10MAY94*/

/* statistics used for CDL throughput */

static /* 20APR9%4 */

int fddilp1_total_pkts = 0;

static

int fddilpl_total_pkts_a[PRIORITIES + 1] = {0,0, 0, 0, 0, 0, 0, 0, 0};

static

double fddilp1_total bits = 0.0;

static

double fddilp!_total _bits_a[PRIORITIES + 1] = /0.0, 0.0, 0.0, .0, 0.0, 0.0. C.0, 0.0, 0.0};

/* Externally defined globals. */
extern double fddi_t_opr [J;

/*12JANM. attributes from the Environment file */
double Offered_Load; /* 12JANG4 */
double Asynch_Ofiered_1.nad; /* 12JANG4 %/

/™ ransition expressions */
#defire END_OF_SIM op_intrpt_type() == OPC_INTRPT_ENDSIM

/* get picture of jamming. this variable allows anyone who*/

/* is writing to the global staristic to ensure it has */
/* been initialized. 20AUG94*/
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int jammer_stats_init=OPC_FALSE;
Gshandle link_gshandle[4];

/* State variable definitions */

typedef struct
{
FSM_SYS_STATE
Gshandie  sv_thru_gshandle;
Gshandle sv_m_delay_gshandle;
Gshandle  sv_ete_deley_gshandle;
Gshandle sv_thru_gshandle a[10}:
Gshandle sv_m_delay_gshandie a[10];
(Gshandie sv_ete_delay_gskandle_a[9];
Gshandle  sv_t_gshandle;
Gshandle sv_t_gshandle_a[10].

Objid sv_my_id;

int sv_PPP_seq_number;
double sv_time;

Ici* sv_fromn_tnac_ici_pir;

} cp_fddi_sink_tcp_state;

#define pr_state_ptr ((cp_fddi_sink_tcp_state*) SimI_Mod_State_Ptr)
#define thru_gshandle pr_state_pu->sv_thru_gshandle

#define m_delay_gshzadle pr_state_pu->sv_m_delay gshandle

#define ete_delay_gshandle pr_state_pir->sv_gte_delay_gshandle

#define thru_gshandle_a pr_state_pur->sv_thru_gshandle a

#define m_delay_gshandle_a  pr_state_ptr->sv_m_deiay_gshandle a

stdefine cte_delay_gshandle & pr_state ptr->sv_ete_delay_gshandle_a

stdefine t_gshandle pr_state_ptr->sv_t_gshandle
#defnet_gshandle a pr_state_pir->sv_t_gshandle a
#define my_id pr_state_ptr->sv_my_id

#define PPP_seq number pr_siate_pu->sv_PPP_seq_numbcr
#define time pr_state_ptr->sv_time

#define from_mac_ici_ptr pr_state_ptr->sv_from_mac_ici_ptr

/* Process model interrupt handling procedure */
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void

¢p_fddi_sink_tcp ()
{
double delay, creat_time,
Packet* pkptr;
Packet* pkptrl ; /*SAPR94*/
Packet* pPpp_piots,/*15JUING4*/

int src_addr, my_addr;

int desi_addr./*14APR94*/

doubie fddi_sink_ttri;

int xmit_subq_index;/*SAPR94*/

int load_balance_code; /*6ATR94*/

int i,subg_no; /*25APR94*/

int index; /*10MAY94 */

double link _mon_trans_rate; /*15JUNO4*/

char str0[512), strl [512]; /* for diagnostics*/
iag mon_pit_size; /*26JUL*/

double sim_duration; /*26JUL*/
Packet* ip_pkptr; /*11SEP*/

FSM_ENTER (cp_fddi_sink_tcp)

FSM_BLOCK_SWITCH
{
/ */
/** state (DISCARD) enter executives **/
FSM_STATE_ENTER_UNFORCED (03, stateC_enter_exec, “DISCARD”)
{
/* determine type of interrupt: 10MAYS4 */
switch (op_intrpt_type())
{
case OPC_INTRFT_STAT:
/* the inmerrupt is caused by the ransmitters’ status */
{
index = Gp_intrpt_siat();
swiiwch(index)
{
case XMITTER_ONE:
{
buffer[0) = op stat_local_read(NXMITTER_ONE),
break;
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interrupt
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}
case XMITTER_TWO:

{
buffer[1] = op_stat_local_read(XMITTER_TWQO),
break;
}
case XMITTER_THREE:
{
buffer[2] = op_stat_local_rcad(XMITTER_THREE);
break;
}
case XMITTER_OUR:
(4
buffer[3] = op_stat_local_read(XMITTER_FOURY),
break;
}
default:
{
op_sim_end(“*** FDDI-CDL : FATAL ERROR”,”Unexpected stat
RUOX
}
}
break;
}
case OPC_INTRPT_STRM:
/* the interrupt is caused by the incoming packets */
{
/* get the packet and the interface control info */
pkptr = op_pk_get (op_inupt_strm ());
from_mac_ici_ptr = op_intrpt_ici ();

/* 20JAN94: get the packet’s priority level, which */

/* will be used to index arrays of thruput and delay */

/* computations. */

op_ici_attr_get (from_mac_ici_ptr, “pri”, &pri_sct); /* 11SEP94 */

/* determine tuc time of creation of the packet */
op_ici_attr_get (from_mac_ici_ptr, “cr_time”, &creat_time);

/* 11SEPS4.determine the destination address ot the packet */
op_ici_atr_get (from_mac_ici_ptr, “‘dest_addr”, &dest_addr),

/* 11SEP94.determine the source address of the packet */
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20APRS4 */

op_ici_attr_get (from_mac_ici_pt, “src_add: ’, &src_addr);

/* TAPR94: determine which load balancing algorithm is in use */
op_ima_obj_attr_get ( my_id, “load balancing algorithm”, &load_balance_ctde ).

/* 14APR94 : also get my own address */
op_ima_obj_attr_get ( my_id, “station_address”, &my_addr);

/* destroy the packet */

/* op_pk_destroy (pkptr); */

/* 03FEB94; rather, enqueue the packet. This will be the */
/* first step toward developing a LAN bridging strucrure. */
/* -Nix */

/* op_subq_px_insert (pri_set, pkptr, CPC_QPOS_TAILL); ¥/

* 14APR94: che k the frame passed to “lc” is destinec for */

/* this station. If it is update the local raffic */

/* statistics; if not, allocate the packets */

/* 10 the transmitters since chey are destined for the remote lan */
/* update also incoming return link statistics for the frames */

/* which will be queued in ilc_sink 1 be sent to remote lan.*/

/* -Karayakaylar */

if((dest_addr ==- my_addr)&&(src_addr < ray_addr))
{
/* add in its size ¥/
fddi_sink_totai_bits 4+= op_pk_total_size_get (p:ptr);
fddi_sink_total_bits_afpri_set] += op_pk_total_size_get {pkptr); /* 20JAN-

/* accumulate delays */

delay = op_siin_titse () - creat_dme,

fddi_sink_accum_dalay 4= deiay,

fddi_sink_accum_dc y_a[pri_sectj += delay; /* 20JAN-Z0APR94 */

/* keep track of p: ak delay value */
if (desay > fddi_sink_peak delay)
fddi_sink_peak_delay = delay;

/* Z0JANS4; keep track by prioriry Jevels as well 23JAN-20APR%4 */
if (delay > fddi_sink_peak_delay_alpri_set])
fddi_sink_peak_delay_alpri_set] = delay.




/* increment packet counter, 20JANS4 */
fddi_sink_iotal pkts++;
fddi_sink_total_pkts_a[pri_sct]++;

/* if a multiple of 25 packets is reached, update stats */
/* Q3FEB94: [01->[7] represent asynch prioritie: 1->8, */
/* respectively; [8] represents synchronous traffic, */
/* and [9] represents overall asynchronous traffic.-Nix */
/*if (fddi_sink_total_pkts % 25 == 0)

{

op_stat_global_write (thru_gshandle,

fddi_sink_total_bits / op_sim_time ());

op_stat_global_write (thru_gshandle_a[pri_sey,
fddi_sink_total_bits_a[0] / op_sim_time());
op_stat_global_write (thru_gshanclle_a[0],
fddi_sink_total_bits_a[1]/ op_sim_time()};
op_stat_global_write (thru_gshandle_ajl],
iddi_sink_total_bits_a[pri_set] / op_sim_time(});
op__stat_global_write (thru_gshandle_a[2],
fddi_sink_total_birs_a[2]/ op _sim_time());
op_stat_global_write (thri_gshandle_a[3].
fddi_sink_total_bits_a[3] / op_sim_time());
op_stat_global_write (thru_gshandle_a[4),
fddi_sink_total_bits_a[4] / op_sim_time());
op_stat_global_write {thru_gshandle_a[5],
fddi_sink_total_bits_a[5] / op_sim_time());
op_stat_global_write (thru_gshandle_a[6],
fddi_sink_total bits_4[6] / op_sim_time());
op_stat_global_write (thru_gshandle_a[7],
fddi_sink_total_bits_a[7]) / op_sim_time()),
op_stat_global _write (thru_gshandle_a[8],
fddi_sink_total_bits_a[8] / op_sim_time());
*/

/* 30JANY4: gather all asynch stats into one overall figure */
/*op_stat_global _write (thru_gshandle_al9],
(fddi_sink_:otal_bits - fddi_sink tota’ =~ _a[8))/

op_sim_titne()),

*/

/* (fddi_s* " _totel_bits_a[0] + fddi_sink_total_bits_a[1] + */
/* fddi_s.  _otal_bits_a[2] + fddi_sink_total_bits_a[3] + */
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/* fddi_sink_total bits_a[4] + fddi_sink_total_bits_a[5] -+ */
/* fddi_sink_total _bits_a[6] + fddi_sink_tctal bits_a[7]) / */
/* op_sim_time()), */

/*
op_siat_global_write (m_delay_gshandle,
fddi_sink_accum_delay / fddi_sink_total _pkts);

op_stat_global_write (m_delay_gshandle a[0],
fddi_sink_accum_delay_a[(j / fddi_sink_total_pkts_a[0]};
op_stat_global_write (m_delay_gshandle afl],
fddi_sink_accum _delay_a[1] / fddi_sink_total_pkts_a;1]),
op_stat_global_write (m_delay_gshandle_a[2],
fddi_sink_accum_delay_a[2] / fddi_sink_total_pkts_a[2]);
op_stat_giobal_write (m_delay_gshandle_af3],
fddi_sink_accum_delay_a[3] / fddi_sink_total _pkts_a[3]);
op_stat_global_write (m_delay_gshandle_a[4],
fddi_sink_accum_delay_a{4] / fddi_sink_total_pkts_a[4));
op_stat_global_write (m_delay_gshandle_a[5],
fddi_sink _accum_delay_a[5] / fddi_sink_total_pkts_a[5]);
op_stat_giobai _write (m_delay_gshandie_a[6],
fddi_sink_accum_delay_a[6]} / fddi_sink_total_pkts_al6));
op_stat_global_-arite {m_delay gshandle_a[7],
fddi_sink_accum_delay_a{7] / fddi_sink_total_pkts_a(7]);
op_stat_global_write (m_delay_gshandle_a{8],
fddi_sink_accum_delay_a[8] / fddi_sink_total _pkts_a[81);
*/
/* 30JANS4: gather all asynch stats into one figure */
/*op_stat_global_write (m_delay _gshandle_a[9],
(fddi_sink_accum_delay - fddi_sink_accem_delay_a[8]) /
(fddi_sink_total_pkts - fddi_sink_total_pkts_a[8)));
sl/

/* (fddi_sink_accum_delay_a{0] + fidi_ink_accum_delay_a[1] + */
/* {ddi_sink_accum_cielay_a[2] + fédi_sink_accum_delay_a[3] + %/

/* fddi_sink_accum_delay_a[4] + fddi_sink_accum_detay_a[5] + */

/* fddi_sink_accurn_delay_a[6) + fddi_sink_accum_delay_a[7])/ */

/* (fddi_sink_total_pias_a[0) + fddi_sink_total_pkts_a[l) + */

/* fddi_sink_total_pkis_a{2] + fddi_sink_towal_pkts_a(3] + */

/* fddi_sink_:otal_pk.s_al4) + fddi_sink_towl pks_a[5] + */

/* fddi_sink_total_pkrs_a(6) + fddi_sink_total_pkis_al7])); */
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/* also record actual delay values */

/rop_stat_global _write (¢te_ delay_gshandle, delay):
op_stat_glohal_write (ete_delay_gshandie_a[pri_set], delay),
}

*”

} /* end of if(dest_addr == my_addr)&&(src_addr < my_addr) statement */

/* 20AFRY:; check the frame passed to “U¢” is destined for remote lan */
/* This will allow only the packets to bte counted for CDL taffic.*/
/* -Karayakaylar */
else
{
/* add in its size */
fddilpl_total_bits 4=z op_pk_total size_get (pkpir),
fddilp1 _total_bits_a[nri_set] += op_pk_total_size_get {pkpwr); /* 20APR94 */

/* increment packet counier; 20A¥R94 */
fddilp1 _total_pkts++;
fddilp1_total_pkis_a[pri_set]<+;

/* if a multiple of 25 packets is reached, update stats */
/* [0]->{7] represent asynch piiorities 1->8, */
/* respectively, [6] represents synchronous traffic, ¥/
/* and [9] represents overall asynchronous traffic.-Nix */
/¥if (fddilp1_total_pkts % 25 == 0)

{

op_siat_global_write (1_gshandle,

fddilpl _total_bits / op_siin_time ());

op_stat_global _write (t_gshandle_ajpri_set],
fddilpi_total_bits_a[0] / op_sim_time());
on_stat_global_write (t_gshandle al0),
fddilpi_total_bits_a[1] / op_sim_ume());
op_stat_global_write (t_gshandle_a[}],
fddilpl_total_bits_a[pri_set] / op_sim_time{);,
op_stat_global_write (i_gshandle_a[2],
fddilpl_total _bits_a[2] / op_sim_time());
p_stai_globai_write (1_gshandl~_al31,
fddipl_total bits_af3] /op_sim_urie)}:
op_stat_gicbal_write (¢_gshandle_al4],
fddilp1 _total_bits_a[4] / op sim_time()).
op_stat _‘gmbal_wme (t_gshandle_a[53].
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fddilpl_total_bits_a[5] / op_sim_time());
op_stat_global_write (t_gshandle_a[6],

fddilp1_tota'_bits_a[6] / op_sim_time()};
op_stat_global_write {t_gshandle_a[7],

iddilpl_total_bits_a[7] / op_sim_time());
op_stat_global_write (t_gshandle_a[8],

fddilp1_total_bits_a[8] / op_sim_time());
*/

/* gather all asynch stats into one overall figure */
[*op_stat_global_write (t_gshandle_a[9],
(fddilp1_total_bits - fddilp1_total_bits_al8]) /

op_sim_time()),

*/

/* (fddilp1_total_bits_a[0] -+ fddilpi_total_bits_af1] + */
/* fddilp1_total_bits_a[2] + fddilp1_total_bits_a[3] + */

/* fddilp1_rotal_bits_a[4] + fddilp1_total bits_a[5] + */

/* fédilp1_total_bits_a[6)] + fddilp]_total_bits_a[7]) / */

/* op_sim_time()); */

/* }if (fddilp1_total_pkts % 25 == Q) */
1 /* end of else if(dest_&idr == my_addr)&&(src_addr < my_addr) statement */

/* Frames coming to cp_sink only go to this station or CDL 11SEP94*/
if (dest_addr == my_addr)
{
/* send packet to IP laver */
op_pk_nfd_get (pkptr, “datagram”, &ip_pkptr);
op_pk_destroy (pkptr);
op_pk_send (ip_pkpt, IP_OUT_STRM);
}
~.s¢e /* send to the CDLY/
{
/* 11SEP94: first step is to take 1L ICI tnat was sent with*/
/* frame and attach directly to LLC frame instead of event*/
/* This is necessary because LLC frame doesu't have all req'd info */
op_pk_ici_set(pkptr, from_mac_ici_ptr),

/*15TUN94 : before ailocating, encapsulate the FDDI frame into a PPP packet */
ppp_pkpir = op_pk_create_fmt (“ppp_m!”};

op_pk_nfd_sei (ppp_pkptr, “seq number”, PPP_seq number++),
op_pk_nfd_set (opp_pkptr, “FDDI_frame”, pkptr),
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/* 14APR94 :allocate the packets to Llc_sink subqueues */

#* 6APRO4 -Ksrayakayiar*/

/* check if Joad baiancing algorithm i3 circular */

/* zero(0) is the circular load balancing code */

if (load_balance_code == 0)
{

/* SAPR%4 */
i* Apply load balancing to insert the packets in the */
/* subqueues, in a circular order */
subg_no = subq_inde.: % 4,
op_subq_pk _iasert(subq_no, ppp_pkptt, OPC_QPOS_TAIL); /*15JUN

altered to send ppp*/
subqg_index++;

}

/* 25APRM */

[* check if load balancing algerithm is smpty allocation */

/* one(1) is the empty silacation load balancing code */

if (load_ baiance_code == 1
{
/* Apply load balancing to insen the packets in the */

* subquenss By chioosing the subqueue which has the maximpum cumrent */
/* number of free packet slois ¥/
subq_no = op_subq_index_map(OPC_QSEL_MAX FREE PKSIZE);
op_subq_pk_insert(subq_no, ppp_pkptr, OPC_QPOS_TAILL); /*15JUN
al:ered to send ppp*/
}

M*else if(dest_awdr = my_addr) staiement */

break;
}* end of case OPC_INTRPT_STKM statement */

case OPC_INTRPT_SELF: /*27JUL94%/

/* if it is & self-interTupt, it is ime to send 8 monitosing packet. Send one. */
{
pPpr_pkpu = op_pk_create_frmi{"ppp").
op_pk_nfd_set {ppp_pkpu.”pid_n" Oxc0);
op._pk_nfc_sct (ppp_pkpt,' pid_17,0x21y,
op_im7_obj_atir_get (my_id."monitoring pkt size”, &mon_pkt_sive);
op_pk_bulk_size_set (ppp_pkpiT, mon_pkt_size),
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if (load_balance_code == 1)

{
subg_no = op_subq_index_map(OPC_QSEL_MAX_IRIfl PKSIZE),

op_subq_pk_insert (subq_no,ppp_pkpir,OPC_QPOS_TAIL);
}
else if {Inad_balance_cade == ()
{
subq_no = subg_index % 4.
op_subq_pk_iusert {suhq_no,ppp_pkptr, OPC_QPOS_TAIL),
subg_index-+;
}
break;
}

}/* end of swritch #/

/* check it each subqueve is ot emapty and transwmitter is not busy */
[* irregardless if an interrupt is received or noi ] AUGY4*/
for (xunit_subq_index = 0;xmit_sutq_index <=3, ++xmit_subq_index)

4

{
it ((!op_suby_empty(xmit_subq_index))&8(butferlxmit_subq_indes] ==

0.0))

T

i

/*access the first packet in the subqueue */

nkpirl = op subg_px, _remove (xmit_subg_index, OPC_QPOS_HEAD);
/* forward it to the destination »mitter */

/* associated with the subGuene index */

op. pk_send (pkptri, xmit_suoq index ).

/Mt {op_sim_debugl)y==0M__TRUTL)

print! ("packe: sent 1o op xinte from subgqueue %d\t”,unit_subg_inuex); ¥/

}

L

/** plocking afier enter executves of unforced nate. **/
FSM_EXIT (Lcp_fddi_sink_tcp)

7¥* state {DISCARD) exir execubives *%/
FSM_STATE, IXTT_UNFORCED <0, state(_exii_cxec, “DISCARI>":

{
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[** ztaiz {DISCARD) transition processing **/
FSKM_INIT_COND (END_OF _SiM)
SM_DFLT_COND

FSM_TEST_LOGIC (“DISCARD”)

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (, 1, siaei_enter_exec, ;)
FSM_CASE_TRANSIT (1, O. state), cnier_exec, )
}

J¥ e emmn e o arrn—— e *f

/** stzte (STATS) enter executives *¥/
FSM_STATE_ENTER_UNFORCED (1, statel_enter_exec, “STATS”)
i
/* At end of simulation, scalar performarnce statistics */
/* and input parameters are written cut. */

op_stat_scalar_write (“RI. Throughpu: (bps), Priority 17,
iddilp1 _total_bits_a[Q] / op_sim_time ()}; /¥20APR94*/

op_stat_scalar_write (“RL Throughput {bps), Priority 2",
fddilp1_total_bits_a[l] / op_sim_time {)};

ap_siat_scalar_write (“RL Throughput (bps), Priority 3",
fddilpl _toeai_bits_ al2] / op_sim_tiue ());

op_stat_scalar_ write (“RL Throughput (bps), Friority 4",
fddilp!_tetai_bits_a[3] / op_sim,_time \});

op_stat_scalar_write (‘RL Throughput (bps), Priority 5",
fddilpl_total_bits_al4} / op_sim_time {));

op_stai_scalar_write (“RL Throughput (ops), Priority 6™,
fddilp i_sotal_bits_alS] / rp. sita_time ());

op_stai_scatar_write: (“RL ‘Freoughput (bps), Priority 77,
fddilpi tgtal bits_al6] /op sign_tiune ()):
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op_stat_scalar_write (“RL Throughput (bps), Priority §”,
fddilp1_total_bits_a[7] / op_simn_time ();

op_stat_scalar_write (“RL Throughput (bps), Asynchronous”,
(fddilp!_total_bits - fddilp1_total_bits_za[8]) / cp_sim_time ());

/* (fddilp1_total_bits_2a{0] + fddilp1_total_bits_a[1] + */
/* fddilp1_total_bits_af2] + fddilp]_tota! bits_a[3] -+ */

/* fddilp1_total_bits_a[4] + fddilpl_total_bits_a[5] + */

/* fadilpi_total_bits_a[6] + fddilpi_total bits_al[7]) / */

/¥ op_sim_time (). ¥/

op_stat_scalar_write {"RL Throughput (bps), Synchionous”,
fddilp] _total_bits_al€] / op_sim_time ());

op_stat_scalar_write ('RL Throughput (bps), Total”,
fddilpl_rotal_bits / op_sim_time ()); /*20APR94*/

/* Only one station needs to do this */
if ('fddi_sink_scalar_write)
{
/* set the scalar write flag */
fddi_sink_scalar_write = |;

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Pnority 1",
fddi_sink_accum_delay_a[0] / fddi_sink_fotal_pkis_a[0]);

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.), Priority 27,
fddi_sink_accum_delay_a[l] / fddi_sink_total_pkts_a[1]);

op_stat_scalar_write (“Mean End-to-Ead Delay-0 (sec.), Priority 3",
fddi_sink_accum_delay_a[2] / fddi_sink_total_pkts_a[2]);

op_stat_scalar_write (“Mean End-tc-End Delay-0 (sec.). Priority 4",
fddi_sink_accum_delay_a[3] / fddi_sink_total_pkts_a[3]);

op_stat_scalar_write (“Mean End-to-End Delay-0 (sec.)
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fddi_sink_accum_delay_al4] / fddi_siuk_toial_pkts_a{4]),

op_stat_scalar_write (“Mean £na-to-Eud Delay-0 (sec.), Priority 6”,
iddi_sink_accum_delay_a{S]/ fddi_sink_total_pkts a[5]);

op_stat_scalar_write (“Meaa End-to-End Delay-J (sec.), Priority 77,
fddi_sink_accum_delay al6) / fddi_sink_total_pkis_a[6]).

op_stat_scalar_‘write (“Mean Fnd-to-End Delay-( (sec.), Priority 8”,
fddi_sink_accum_delay_a{7] / fddi_sink_total_pxts_a[7]);

op_stat_scalar_write (“Meas End-t0-End Delay-0 (sec.), Asynchronous”,
(fddi_sink_accum_delay - fddi_sink_accurn_delay_a[8]) /
(fddi_sink_total_pkts - fddi_sink_toial_pkts_a[8]));

/* (fddi_sink_accum_delay_af(] + fddi_sink_accum_delay_a{i} +*/
/* fddi_sink_acoum _deiav_a[2] 4 fddi_sink_accum_delay, a[3] + */

/* fddi_sink_accum_delay_ aj4] + fadi_sink_accum_delay_a[3] +*/

/* fddi_sink_accum_deley_af0] + fddi_sink _accum_delay_al7}) / */

/* (fddi_sink_total_pkis_a[L"} -+ fdi_sink_tcal pers_af1] + */

/* fddi_sink_total_pkts_alZ] + fddi_ssak_toial_pkis_al3] + */

/* fddi_sink_total_pkis_a{4} + {ddi_swk_tosal pkis_al5] + */

/* fddi_sink_toial _pkts _a[6] + fddi_sink_total _pkts_z[7])); */

op_stat_scalar_write (“Mcan Eud-to-End Delay-0 (se¢.), Synchronons™,
fddi_sink_accum_deiay_218! / fddi_sink_total_pics_a[8]);

op_stat_scalar_write (“Mean End-tw:-End Delay-0 (sec.), Total”,
fddi_sink_accum_declay / fddi_sink_total_pkts):

op_stat_scalar_write (“Throughiput-0 (bps), Prioriiy 1",
fddi_sink total_bits_a[0] / op_sim_time (),

op_stat_scalar_vrrite {“Throughput-O (bps), Priority 27,
fddi_sink_total_bits_ail] / op_sim_time )

op_stat_scalar_waTite (TTeoughput-C (bps). Priorivy 37,
tddi_sink_total _bits_a{2] / op_sita_timme ()

op_stat_scalar_write (‘““Thuoughpat-0 (bps), Prictivy 4”7,
iddi_s:nk_total_hits_a{3] / op_sim_time ());




op_stat_scalar_write (“Throughput-0 (bps), Priority 5",
fddi_sink_total_bits_a[4] / cp_sim_time ());

op_stat_scalar_write (“Throughput-0 (bps), Priority 6",
fddi_sink_total_bits_a[5]/ op_sim_time ().

o,_stat_scelar_write (“Throughput-0 (bps), Prionity 77,
fadi_sink_tctal_bits_a[6) / op_sim_time ());

op_stat_scaler_write (‘“Throughput-0 (bps), Priority 8",
fddi_sink_total_bits_a[7] / op_sim_time (}),

ap_stat_scaiar_write (“Throughput-0 (bps), Asynchronous”,
(fddi_sink_total bits - fddi_sink_total_bits_a[8]) / op_sim_time (7);

* (fddi_sink_total_bits_a[0] + fddi_sink_total_bits_a[1] + */
/* fddi_sink_total_bits_a[2] + fddi_sink_total bits_a[3] + */

/* fddi_sink_total_bits_al4] + fddi_sink_total_bits_a{5] + */

/* fddi_sink_total bits_a[6] + fddi_sink_total_bitc_al7]) / ¥/

/* op_sim_time ()); */

cp_stat_scalar_write (“Throughput-0 (bps), Synchronous”,
fddi_sink_total_bits_a{37/ op_sim_time ());

ap_stat_scalar_write (“Throughput-G (bps), Total”,
fddi_sink_total_»its / op_sim_time ());
op. stat_ocalar_write ("Peak End-to-End Delay-0 (sec.), Priority 17,
fddi_sink_peak_celay_a{01);

op_stat_scalar_write (“Peak £nd-to-End Delay-0 (sec.), Priority 2",
fddi_sink_peak_delay_al[l]);

op_star_s<alar_write ('Peak End-to-End Ii¢lay-0 (sec.), Priority 3",
fddi_sink_peak_delay_a[2]),

op_stat_scalar_wriie (“Peak End-to-End Delay-0 (sez.), Priority 47,
fddi_sink_peak_delay_a[3]);
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op_stat_scalar_write (“Peak Ead-to-End Delay-0 (sec.). Priority 57,
fddi_sink_peak_delay_a[4]);

op_s:at_scalar_write (“Peak End-t0-End Deiay-0 (sec.), Iriority 6",
fddi_sink_peak_delay_al5]);

op_stat_scalar_write {(“Peak End-to-End iclay-0 (sec.), Pnority 77,
fddi_sink_peak_dcelay_a[6]);

cp_stat_scalar_write (“Peak End-to-End Delay-U (sec.), Priority 8”,
fddi_sink_peak_dclay_a[7]);

op_stat_scalar_write (“Peak Eud-10-End Delay- {s¢i.), Syachronous™,
fddi_sink_peak delay_a[3]):

op_stat_scalar_wrire {“Pedk End-to-End Delay-0 (sec.), Overall”,
fddi_sink_peak_dclay),

/* Write the TIRT valoe for ring (. This preseives®/

/* the old behavior for single-ring simulations.*/

op_stat_scalar_write (“TI'RT (sec.) - Ring 07,
fddi_t_opr [0]);

/* 12JAN94: obvtain offered load infosmation from the Envirpnment ¥/

/* file; this will be used to providie abscissa information that */

/* can be plotted in the Analysis Editor (see “fddi_sink™ STATS */

/* state. To the user: it’s your job to keep thiese current in */

/¥ the Environment File. -Nix */

op_ima_sim_attr_get (OPC_IMA_DOUBLE, “total_offered_load_0",
&Offered_Load),

on_ima_sim_atr_get (OPC_IMA_DOUBLE, “asynch_offercd_load_0",
& Asynch_Offered_Load);

/* 12JAN94: write the total offered load for this run */
op_stat_scalar_write (“Total Offered lL.oad-0 (Mbps)”,
Offered_l.oad),

op_stat_scalar_write (“Asynchronous Offered Load-0 (Mbps)”,
Asynch_Offered_Ioad),

}
}
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/** blocking after enter exscutives of unforced state, **/
FSM_EXTIT (3,cp_fddi_sink_tcp)

J** state (STATS) exit execuiives **/
HSM_STATE_EXIT UNFORCED (1, statel_exit_exec, “STATS™)
{

/** state (STATS) transition processing **/
FSM_TRANSIT_MISSING (“STATS”)
/* */

/** state (INTT) enter executives **/

FSM_STATE_ENTER_FORCED (2, state2_enter_exec, “INIT”)
{
/* get the gshandles of the global statistic to be obtained */
/* 20JANO4: set array format */
/*
thru_gshandle_a{(] = op_stat_global_reg (“pri 1 throughput-0 (bps)™);
thru_gshandle_a[1] = op_stat_global_reg (“‘pri 2 tnroughput-0 (bps)”);
thru_gshandle a[2] = op_stat_global_reg (“pri 3 throughkput-0 (bps)”);
thru_gshandle_a[3] = op_stat_global_reg (“pri 4 throughput-0 (bps)”);
thru_gshandle_a[4] = op_stat_global_reg (“'pri 5 throughput-0 (bps)”’);
thru_gshandle_a[5] = op_stat_global_reg (“‘pri 6 throughput-0 (bps)”);
thru_gshandie_a[6] = op_stat_global_reg (“pri 7 throughput-U (bps)”);
thru_gchandie al7] = op_stat_global_reg (“pri 8 throughput-0 (&ps)”),
thru_gshandle_a[8] = op_stat_global_reg (“synch throughput-Q (bps)™);
thru_gshandle_a[9] = op_stat_global_reg (“'async throughput-0 (bps)”);
thru_gshandle = op_stat_global_reg (“total throughput-0 (bps)”).

m_delay_gshandle_a[0] = op_stat_globai_reg (“pri 1 mean delay-0 (sec.)”),
m_delay _gshandle_a{l] = op_stat_glnbal_reg (“pri 2 mean delay-0 (sec.)™);
m_delay_gshandle_a[2] = op_stat_global_reg (“pri 3 mean delay-0 (sec.)”);
m_delay_gshandle_a[3] = op_stat_global_reg (“pri 4 mean delay-0 (sec.)”);
m_delay_gshandle_a[4] = op_stat_global_reg (“pri 5 mean delay-0 (sec.)”),
m_delay_gshandle_a[5] = op_stat_global_reg (“pri 6 mean delay-0 (sec.)”);
m_dela_gshandle_af6] = op. stat_global_reg (“pri 7 mean delay-0 (sec.)”);
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ri_delay_gshandle_a[7] = op_stat_global_reg (“pri 8 mean delay-0 (sec.)”);
m_delay_gshandle a[8] = op_stat_global_reg (“*synch mean delay-0 (sec.)"™);
m_delay _gshandle a[9] = op_stat_global_reg (“async riean delay-0 (sec.)™);
m_delay_gshandle = op_stat_global_reg (“‘total mean dulay-0 (sec.)”);

cte_delay_gshandle a[0] = op_stat_global_reg (“pri 1 end-to-end delay-0 (sec.)”);
ete_delay_gshandle_a[1] = op_stat_global_reg (“pri 2 cnd-to-end delay-0 (sec.)”);
ete_delay_gshandle_a[2] = op_stat_global_reg (“pri 3 end-to-end delay-0 (sec.)™);
ete_delay_gshandle a[3)] = op_stat_global_reg (“pri 4 end-to-end delay-0 (sec.)”);
ete_delay_gshandle_a[4] = op_stat_global_reg (“pri 5 end-to-end delay-0 (sec.)™);
ete_delay_gshandle a[5] = op_stat_global_reg (“pri 6 end-to-end delay-0 (sec.)”);
ete_delay_gshandle_a[6) = op_stat_global_reg (“pri 7 end-to-end delay-0 (sec.)™);
ete_delay_gshandle a[7] = op_stat_global_reg (“pri 8 end-to-end delay-0 (sec.)™);
ete_delay_gshandle_a[8] = op_stat_global _reg (“synch: end-to-end delay-0 (sec.)”);
cte_delay_gshandle = op_stat_global_reg (“‘total end-to-end delay-0 (sec.)”);

t_gshandle_al0] = op_stat_global_reg (“pri 1 RL throughput (bps)”);
t_gshandle_a[!] = op_stat_global_reg (“pri 2 RL throughput (bps)):
t_gshandle_a[2] = op_stat_global_reg (“pri 3 RL throughput (bps)”);
t_gshandle_a[3] = op_stat_global_reg (“pri 4 RL throughput (bps)”);
t_gshandie_a[4] = op_stat_global_reg (“pri 5 RL throughput (bps)”);
t_gshandle_a[5] = op_stat_global_reg (“’pri 6 RL throughput (bps)”);
t_gshandle_a[6] = op_stat_global_reg (“pri 7 RL throughput (bps)”);
t_gshandle_a[7] = op_stat_global_reg (“pri 8 RL throughput (bps)”);
t_gshandle_a[8] = op_stat_global_reg (“synch RL throughput (bps)”);
t_gshandle_a[9] = op_stat_global_reg (“async RL throughput (bps)™);
t_gshandle = op_stat_global_reg (“total RL throughput (bps)™);

*/

link_gshandle[0] = op _stat_global_reg (“Link 0 jamming”);
link_gshandle[1] = op_stat_global_reg {"Liuk 1 jamming™);
link_gshandle[2] = op_stat_global_reg (“Link 2 jamming”),
link_gshandle[3] = op_stat_global_reg (“Link 3 jamming”);
jammer_stats_init = OPC_TRUE;

subq_no = 0,
/* TAPR94 determine id of own processor to use in finding */
/* load balancing attribute and station address of the bridge node */

my_id = op_id_self();

/* 15JUN94: get rate for link monitoring packet ransmission */
op_ima_obj_attr_get (my_id," link_monitor_trans_rate”, &link_mon_trans_rate );
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/* 26J1J1.94: get duration of the simulation */
op_ima_sim_attr_get (OPC_IMA_DOUBLE, “duration”, &sim_duration):

/¥ 26JUL94 geucrate a self interrupt at each tirne that @ monitoring packet™*/
/* is to be sent. Since these packets are to be sent at a fixed terate {per */

/* second), the only way to guarantee packet generation in tiis event */

/* driven simulation is to create an inierrupt at the appropriate sim ¥,

/* times. These interrupts will causc a monitoriny pachet o be seat */

/* through the discard state.*/

for (ume= op_sim_tune(); ume<=sim_duration; titie-+=luak mon_tan _rate)
{
op_intrpt_schedule_self (time, 0xc021);
}

/*11SEP94: create an ICI to attach to all LLC framies ransiting */
/*the CDL. Though the LLC frames will be encapsuiated iu PP %/
/*the ICI v/iil be associared with the LLC frame and will remain */
/*intact until gotten before the LLC frame is sent to the MAC */
from_mac_ici_ptr = op_ici_create (“fddi_mac_inc_tcp”'),

}

/** state (INI'T) 2 . executives **/
ESM_ STATE_EXIT _FFOECED (7. statc2_exit_exe, “INIT™)
{

¥

I state (AINTF) transition processiag **/
FSM_INIT_COND (END_OF_S1nM,
SSM_IDFLT_COND

e e ¥ I AN t G
FOM_TEST_LOGGIC O 1)

FSM TV ANSIT_SWITCIH
{
FSM_CASE_TRAMSIT {0, 1, staie]l_enicr_exeac, ;)
FSM_CASE_TANSIT (I, 0, state0_enter_exec, ;)
}

F AT It T T T RS */

7
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FSM_EXIT (2,cp_fddi_sink_tcp)
}

void

cp_fddi_sink_tcp_svar (prs_ptr,var_name,var_p_ptr)
cp_fddi_sink_tcp_state*prs_ptr;
char *var_name, **var_p_pu,

{
FIN (cp_iddi_siuk_tcp_svar (prs_pir))

*var_p_ptr = VOS_NIL,

if (Vos_Suing_Equal (“thru_gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_thru_gshandle),

if (Vos_Suing Equal (“m_dclay gshandle” , var_pamc))
*var_p_ptr = (char *) (&prs_prr-sv_m_delay _gshandle);

il {Vos_Suing Equal (“cte_delay_gshandie” , var_name))
Yvar_p_ptr = (chat ¥) (&prs_pu->sv_eie_delay_gshandle);

if (Vos_String _Equai {“thru_gshandle_a" , var _pame))
*var_p_pir = (char *) (; ._ptr->sv_thru_gshandle_a);

if (Vos_Suing Equai (“m_delay_gshandle_a” , var_narpe))
*var_p_p* = (char *) (prs_pu->sv_m_deslay_gshandie_a);

if (Ves_String_Equal (“cte_delay_gshandie_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_ete_delay_gshandle_a);

if (Vos_String Fgual (“t_gshaadle” , ver_name))
*vai_p_pu = (char ¥) (&prs_pu->sv_t_gshancie);

if (Vos_String_Equal (“t_gshandle_g¢” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_t_gshandle_a);

if (Vos_Suing_Y-qual (my_id", var_name))
*vai_p_pir = (char *) (&prs_ptr->sv_my_id);

if (Vos_String_Equal (“PPP_seq_rumber” , var_name))
Tvar_p_ptr = (char *) (&prs_ptr->sv_PPP_seq_number),

if (Vos_String_Fqua' (“titue ', var_name))
*var_p, ptr = (char *) (&pis_pur->sv_time);

if (Vos_String_Equal (“from_mac_ici_ptu” . var_name))
*var_p_ptr = (char *) (&prs_pir->sv_{rom_mac_ici_ptr);
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FOUT,

h
void
cp_fddi_sink_tcp_diag O
{
double delay, creat_time;

Packet* pkptr;
Packet* pkpirl ; /*5APRY94*/
Packet* ppp_pkptr,/* 1 5JUN94*/

int src_addr, my_addr,

int dest_addr;/* i4APRG4*/

double fadi_sink_tti;

int xmit_subq index;/*3APR94*/

int load_bulance_code,; /*60 APE84%/
ins 1,subq_no; *Z5APR94*/

it index; *10MAYS4 */

double lick_mon_irans_rate: /> [SJUNS4¥/
char stu0{512], str{ [512]); /* for diagnostics*/
nt mon_pkt_size; /*26JUL*/
doutle sim_duration; /<26)JUL"/

Packet™ ip_pkptr; /*11SEF*/

F7IN (cp_fddi_sink_tcp_ciag ()

/* find out why sitaight line syndrome */

op_prg odb_nrint_major (" -e-eeemm- -DEBUGGING for straight ling---------
" OPC_NIL),
sprict (strl),”count of packets : (%d)”.subg_index);
sprntf (strl,”’stibqueue no : (%d)".subg_no);
op_prg_odb_priut_minor {su0.sul, OPC_NIL),

FOUT,
}
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void

cp_fddi_sink_tcp_terminaie ()
{
double delay, creat_time:;
Packet* pkpur,
Packet* nxptrl ; /*5SAPRY4*/
Packet* ppp_pkptr,/*15IUNS4*/

int src_addr, my_addr;

int dest_addr;/* !4APRO4Y/

double fddi_sink_ttrt;

int xmit_subq_index;/*5APR94*/

int load_balance_cisie; /*6 APR94*/

int i,subg_noc; /*25AFRO4*/

int index; /*iOMAY G4 */

double link_mon_tans_rate; /* 15TUNOYG*/
char sm0[512], stri [5i2]; /* for diagnosiics*/
int mon_pkt_sizc, /*26JUL*/

double sim_duration; /*26JUL*/
Packet* ip_pkptr, /*11SEP*/

FIN (cp_fddi_sink_tcp_terminate ())

FOUT,
)

Cainpcode

cp_fddi_sink_tcp_init (pr_state_pptr)
cp_fddi_sink_icp_siaie* *pr_siate_pptr,
{
static VosT_Cm_QObtypeobtype = OPC_NIL;

FIN (cp_fddi_sink_tcp_init (pr_state_pptr))

if (obtype == OPC_NIL)
{
if (Vos_Carmem_Register (“'pro= state vars (cp_fddi_sink_tcp)”,
sizeof (cp_iddi_sink_tcp_state), Vos_Nop, &obtypz) == VOL(_TFAILURE)
FRET (OPC_COMFPODE_FAILURE)

[y
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it ({(*pr_state_pptr = (cp_fddi_sink_tcp_state*) Vos_Catmem_Alloc (obtype, 1)) ==
OPC_NIL)
FRET (OPC_COMPCODE_FAILURE)
else
{
(*pr_state_ppir)->current_bloci: = 4;
FRET (OPC_COMPCODE_SUCCESS;
}
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APPENDIX J

TCP RING 0 MATC MODULE CODE
“cp_fddi_mac_tcp.pr.c”

Unchanged portions of this file have been deleied for brevity.

/* Process model C form file: cp_fddi_mac_tcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “cp_fddi_mac_tcp.pr.”
FSM_EXT_DECS

/* Header block */

/* Define a timer structure used to implement */

/* the TRT and THT timers. The primitives defined to ¥/
/* operate on these timers can be found in the */

/* function block of this process model. */

typedef struct
{
int enabled;
double start_time;
double actun.’
double target_accum;
} FddiT_Timer;

/* Declare certain primitives deaiing wiih umer.s */

double fddi_timer_remaining (),
FddiT_ Timer* fddi_timrer_create ();
double fddi_timer_value ();

/* Scratch snings for race siatement: */
char s [512], sirl [512],
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[* define ~onstants particular to this implementation */
#detine FODI_MAX_STATIONS 512

/¥ define possible values for the fizme control field ¥/
sdefine FODI_FC_FRAME 0
#define FODI_FC _TOKEN 1

/* define possivle svivice classes for frames */
#define FDDL_SVC_ASYNC 0

#dcfinge FDDIL_SVE_SYNC 1

J* define input siream indices */

#define FDDI_LLC_STRM_IN 1
#define FDDI_PHY_STRM_IN 0

/* define output stream indices */

#define FDDI_i.LC_STRM_CUT i
#define FDDI_PHY_STRM_OUT 0

/* definc token classes */

#d=fine FDHDI_TK_NONRESTRICTED 0
#dcfine FDDI_TK_RESTRICTED 1

/* Ring Constants */

#define FDDI_TX_RATE 1.0e+08
#define FDDI_SA_SCAN_TIME 28.0e-08

/* Token rransmission time: tased on 6 symbols plus 16 symbols of preamble */
#define FDDIC_TOKEN_TX_TIME 83.0¢-08

/* Coes used to differentiate remote interrupts */
#define FDDIC_TRT_EXPIRE 0
#define FDDIC_TK_INJECT !

/* Definc symbolic expressions used on transiuon */
/* conditions and in executive statements. */
#define TRT_EXPIRE A
(op_intrpt_rype () == OPC_INTR.PT_REMOTE && op_intpt_code () ==
FDDIC_TRT_EXPIRE)
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#define. TK_RECEIVEIA
phy_arrival &&\
trame_control =: FDDI_FC_TQKEN

#dgefine RC_FRAME \
phy_arrival &&\
ane_control == FDDI_FC_FRAME

#define FRAMZ_ARRIVALA
op_intrp:_type () == OPC_INTRPT_STRM &&\
op_intrpt_strm {} == FDDI_LLC_STRM IN

#define STRIPmy_address == src_addr

/* Define the maximumn value for ring_id. This is the*/
/* maximum nutaber of FDDI rings that can exist in a*/
/* simulation. Note that if ihis mumber is changed,*/

/* the initialization for fd¢:. claim_start below must*/
/* also be modified accordingly.*/

#define FDDI_MAX RING_YD 8

/* Declare the operative TTRT value ‘T_Opr’ which is the final*/
/* negotiated value of TTRT. This value is shared by all stations*/
/* on aring so that all agree on its value.*/

double fddi_t_opr [FDDI_MAX_RING_ID]J;

#define Fddi_T Opr (fddi_t_opr [ring_id])

/* This flag indicates that the negotiation for the final TTRT*/

/* has not yet begun. It is staticaliy initialized here, and*/

/* is reset by the first station v/hich modifies T_Opr.*/

/* Initialize tc 1 for all rings.*/

static

int fddi_claim_start [FDDI_MAX_RING_ID] = {1,1,1,1,1.1.1,1};
#define Fddi_Claim _Start(fddi_claim_stan [ring id])

/* Declare station latency paramerers. */

/* These are rue globals, so they do not need 1o be arrays. */
double Fddi_St_Laiency;

double Fddi_Prop_Delay,

/* Declar= glonals for Token Acceleration Mechanism. */

/¥ Hon delay and token acceleratioy are frue glchalg */
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douhle Fddi Tk_Hop_Delay;
siaric
im Fddi_Tk_Accelerate = |;

/* These are actually values shared by all nodes on a ring,*/

/* sc they must be defined as arrays.*/

double fddi_tk_block_base_time [FDDI_MAX RING_ID];

#define Fddi_Tk_Block_Base_Time(fddi_tk_block base_time [ring id))

int fddi_tk_block_base_station {[FDDI_MAX_RING_ID];
#define Fddi_Tk_Block_Basc_Station(fddi_tk_block_bas¢_station [ring_id})

int fddi_tk_blocked [FDDI_MAX_RING_ID];
#define Fddi_Tk Biocked(ddi_tk_blocked [ring_id])

int fddi_noum_stations [FDDI_MAX_RING_ID],;
#define Fddi_Nuin_Stations{fdci_num_stauons [ring_id])

int fddi_num_registered {FDDI_MAX_RING_ID];
#define Fddi_Num_Registered(fddi_nnmm_regisizred [ring_id])

Objid  fddi_address_tabie (FDDI_MAX _RING_ TDJIFDNI_ MAX _STATICNSY;
#define  Fddi_Address_Table(fddi_address_table [ring _idj)

/* Below is part of the OPBUG 2081 paich, FB eaded here, before. -Nix */

/* Event handles for the TRT are maintained at a globa) level io */

/* allow token acceleration mechanism to adjust these as necessary */

/* when blocking and reinjecting the token. TR _handle simply */

/* represents the TRT for the local MAC/

Evhandile iddi_trt_handle {[FDDI_MA3 RING_ID]{FDDI_MAX_STATIONS];
#define Pddi_Tit_Yiandle(fddi_iri_handle jring_id})

#define TRT_bandle  Fddi_Trt_Handle [my_address]

/* Similarly, the TRT data structure is maintained on a giobal level. */
FddiT_Tiraer*fddi_trt [FDDI_MAX_RING_ID] [FDDI_MAX_STATIONS];
#define Fddi_Trnt (fddi_trt [ring_id))

#define TRT Fddi_Trt [my_address)

/* Registers to record the expiration time of each TR when token is blocked. */
double fddi_trt_exp_time [FDDI_MAX_RING_ID] {FODI_MAX_STATIONS];
#define Fddi_Trt_Exp_Timeffddi_trt_exp_time [ring_id])
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/*the ‘Late_Ct’ flag is declared on a global level so that it can be */

/* set at the im ewhere the token is injecsed back into the ring. */

int fddi_late_ct [FDDI_MAX_RING_ID] [FDDI_MAX STATIONS];
#define Fddi_Late Ct (vddi_late_ct [ring_id])

#define Late_Cx Fddi_Late_Ct [my_addrass]

/* Convenient wnacro for senting TRT for a given station znd absolute time. */

ficefine TRT_SET(station_id,abs_time)\

fddi_timer_set (Fddi_T1t [station_id], abs_time - op_sira_time(j),\

Fddi_Trt_Handle [station_id] = op_intrpt_scheduie_remote (abs_time\
FDDIC_TRT_EXPIRE, Fddi_Address_Table [station_id]);

/* State variable definiticus */
typedef sbuct
{
FSM_SYS_STATE
int sv_ring_id;
FddiT_Timer* sv_THT,
double sv_T_Req;
double sv_T _Pri [2],

(Objid sv_my_objid;

int sv_spawn_token;
int sv_my_address,
int sv_orig_src_addr;

Packet* sv_tk_pkptr;
double sv_sync_bandwidth;

double sv_sync_pc;

int sv_restricted;

int Sv_fes_peer,

int sv_tk_registered;
Ici* sv_to_llc_ici_ptr;
int sv_tk_trace_on,

} cp_fddi_mac_tcp_state;

#define pr_state_ptr ((cp_fddi_mac_tcp_state*) Siml_Mod_State_Prr)
#define ring_id pr_state_ptr->sv_ilag_id

#define THT pr_state_pur->sv_THT

#define T_Req pr_state_ptr->sv_T_Req

#define T_Pri pr_state_pt->sv_T_Pri

#define my_objid pr_state_ptr->sv_my_obijid

179




fdefine spawn_token pr_state_ptr->sv_spav/i_token

#define my_address pr_state_ptr->sv_my_address
#define orig_src_addr pr_state_pti->sv_orig src_addr
#define tk_pkptr pr_state_ptu->sv_tk_pkpt
#define sync_bandwidth pr_state, rtr->sv_syae_bandwidth
#define sync_pc pr._state_pir->Sv_sync_pc
#define restricied pr_state_pmr->sv_gesiricted
#define res_peer Pr_state_pir->sv_ges_peer
#define tk_registered pr_state_pir->»sv_tk_registered
#define to_llc_ici_ptr pr_state_ptr->sv_to_llc_ici_ptr
#define tk_trace_on pr_state_pir->sv_tk_trace_on

/* Process model interrupt handling procedure */

void

cp_fddi_mac_tcp ()
{
1
/* Packets aad IC1's */
Packet* mac_frame_ptr;
Packet* pdu_ptr;
Packet* pkptr:
Packet* data_pkptr,
Ici* ici_ptr;

/* Packet Fields and Attributes */

int req_pri, svc_class, req_tk_class;
iat frame_control, src_addr, dest_addr;
int pk. len, pri_level;

/* Token - Related */

int tk_usable, res_station, tk_class;
int cuwrrent _tk_class,;
double accuin_sync,

/* Timer - Related */
double tx_time, time-_remaining, accum_bandwidth;
double tht_value;
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/* Miscellaneous */

int i;

int spawn_staton, phy_arrival;

char error_string [512];

int num_frames_sent, num_bits_sent;

/* 26DEC93: locp managemeut variables, used in RCV_TK */
/* and ENCAP states. -Nix */

int NUM_PRIOS;

int punt;

int q_check;

/*******************’k**************#********************/

/* 11SEP94: added creation_iime */
double creation_time,;

FSM_ENTER (cp_fddi_mac_tcp)

FSM_BLOCK_SWITCH
{
/* */
/** state (INTT) enter executives **/
FSM_STATE_ENTER_FORCED (0, state0_enter_exec, “INIT)
{
/* Obtain the station’s address . This is an attribute */
/* of this process. Addressing is simplified by */
/* simply using integers, and only one mode. */
/* This mode is 16 bit addressing uniess the */
/* packet format ‘fddi_mac_fr’ is modified. */
my_objid = op_id_self(); /* 29DEC93 */
op_ima_obj_aitr_get (my_objid, “siation_address”, &my_address);

/* Register the station's object id in a global table. */

/* This table is used by the mechanism which improves */
/* simulation efficiency by ‘jumping over’ idle periods */
/* rather than circulating an unusable token. */
fddi_station_register (my_address, my_objid);

/* Obtain the station latency for tokens and frames. */
/* Default value is set at 100 nanoseconds. */
Fddi_St Latency = 100.0¢-09:
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op_ima_sim_attr_get (OPC_IMA_DOUBLE, “station_latency”,
&Fddi_St_Larency);

/* Qbtain the propagation delay separating stations. */

/* This value is given in seconds with default value 3.3 microseconds. */
Fddi_Prop_Delay = 3.3e-06;

op_ima_sim_atir_get (OPC_IMA_DOUBLE, “prop_delay”, &Fddi_Prop_Delay);

/* Derive the Delay for a ‘hop’ of a freely circulating packet. */
Fddi_Tk_Hop_Delay = Fcdi_Prop_Delay + Fddi_St_Latency,

/* The T_Pri [] state variable &rray supports priority */

/* assignments or a station by station basis by */

/* establishing a correspondence between integer priority */

/* ievels assigned to frames and the maximum values of the */

/* token holding timer (THT} which would allow packets to be */
/* scnt. Eight lovels are supported here, but this can easily */

/* be changed by redimensioning the priority array. */

/* By default all levels are identical here, allowing */

/¥ any frame o make use of tke token, 5o that in fact */

/* priority levels are not used in the defauit case. */

/* 0L1AN94: (8-1) is a quick attempt to impart different weighting */
/* scales on each priority level, and is not necessarily realistic.-Nix */
/* Be aware of integer-double arithmetic conflicts ie, 1/8 = 0. -Nix */

op_ima_cbj_atr_get(my_objid, “T_Req”, &T_Req),
for(i=0;1<8; i++)
{
T_Prifi} = {(double)(i + 1.0)/8.0) * Fddi_T_Opr;
/* printf(“MAC INIT. T_Pri{ %d] is %lf; */
/* Fddi_T_Qpr s %ln”, i, T_Yrili], Fddi_T_Opr), */
}

/* Create the icken holding timer (THT) used to restrict the */
/* asynchronous bandwidth consumpticn nf the station */
THT = fddi_timer, _create (),

J* Create tne token rotation timer (TRT) used to measur¢ the */
J* rotations of the token, detect late tokens and initialize */
/* the THT timer before asyuchionous tranmsmissions. */
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TRT = fddi_timer create ();

/* Set the TRT time- to expire in one TIRT ¥/
TRT_SET (my_address, op_sim_time () + Fddi_T_Opr);

/* Initialize the late_(t variable which keeps track. */
/* of the number of TRT expirations, */
Late_Ct=0;

J* initially the ring operates in nonrestricted mode */
restricted = Q;

/* Create an Interface Control Information structuze */
/* to use when delivering received frames wo e LLC, */
/**************************#*********¥#*#************************/

/*11SEP94: changed to new forma, adding pvi and cr_time* */
/*********************m********************************#*********/

to_lic_ici_ptr = op_ici_creat2 (“fddi_mac_ind_tcp"”),

/* The ‘tk_registered’ variable indicates if the station */
/* has registered its intent to use the token. */
tk_registered = 0;

/* Determine if the model is to make use of the token */

/* *acceleration’ mechanism. If not, every passing of the */

/* token will be explicityly modeled, leading to large */

/* number of events being scheduled when the ring is idle */

/* (i.e, no stations have data to send). */

op_ima_sim_atw_get (OPC_IMA_INTEGER., “accelerate_token”,
&Fddi_Te_Accelerate);

/* Obtain the synchronous bandwidth assigned */

/* 1o this station. It is expressed as a */

/* percentage of TTRT, and then converted 1o seconds */
op_ima_obj_attr_get (my_obijid, “sync bandwidth”, &sync_pc);
sync_bandwidth = sync_pc * Fddi_T_Opr,

/* Only one station in the ring is selected to */
/* inroduce the first 1oken, Test if this station is it. */
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/* If so, set the ‘spawn_token’ fiag. */
/* op_ima_sim_attr_get (OPC_IMA_INTEGER, “spawn station”,
&spawn_station); */
/* spawn_token = (spawn_staiion == my_addrcss); */
/* If the station is to spawn the token, create */
/* the packet which represents the token. */
/* 14APR94 :the t.idges will spawn token in both rings */
/* -Karayakaylar */
spawn_token =1;
if (spawn_token)
{
tk_pxptr = op_pk_create_fmt (“fddi_mac_tk").

/* assign its frame control field */
op_pk_nfd_set (tk_pkptr, “fc”", FDDI_FC_TOKEN};

/* the first token issued is aon-restricted */
op_pk_nfd_set (tk_pkptr, “class”, FDDI_TK_NONRESTRICTED);

/* The transition will be made into the ISSU_TK */
/* state where the tk_usable variable is used. */

/* In case any data has been generated, piset */

/* this variable (o one. ¥/

tk_usabie = 1;

}

/* When sending packets the variable accum_bandwidth is */
/* used a: a scueduling base. Init this value to zero, */

/* This staizment is required in case this is the spawning */
/* station, and the next state entered is ISSUE_TK */
accum_bandwidth = 0.0,

184




/** state (INIT) exit executives **/
FSM_STATE_EXIT_FORCED (0, state0_exit_exec, “INIT™)

}

/** state (INIT) transition processing **/
FSM_INIT_COND (spawn_token)
FSM_DFLT_COND
FSM_TEST_LOGIC (“INIT")

FSM_TRANSIT SWITCH
{
FSM_CASE _TRANSIT (0, 2, state2_cuter_exec., ;)
FSM_CASE_TRANSIT (1. !, state | _eiter_exex, ;)

/** state (FR_REPEAT) citer executives **/
FSM_STATE_ENTER_FORCED (6, stateG_cnter_exec, “FR_REPEAT )
{
/* Extract the dzsunation address of the frame. */
op_pk_nid_pet (pkptr. “dest_addr”, &dest_addr);

/‘lfmeﬁ'misforunsnnjm.nukcacopy */
/* of the frame’s data ficld and forward it to */
/* the higher layer. */
/* 14APRS4 : In order 10 scnd the frames which are */
/* addressed to the remote lan, check the address database */
/* of remote lan. Frames adaressed to the remote lan shouldn 't */
/* be repeated in the local ring -- This is a simple forwarding */
/* decision algorithm, one of the bridge's functio */
/* - Karayakaylar */
if((dest_addr «= my_address)¥dest_sddr > my_address))
{
/* record total size of the frame (including data) */
pk_len = op_pk total_size_get (pkpur);

/* decapsulate the data conients of the frame */
/* 29JANG4: a new field, “pri”, has been added 1o */
/* e fddi_lic_fr packet formai io the Parametess */
/* Editor, 50 that outpur sististics can be */




/* generated by class and priority. -Nix */
op_pk_nfd_get (pkptr, “info”, &data_piptr),
op_ph_nfd_get (pkptr, “pri”. &pri_level).

/* The source and dzstination address are placed in the */
/* LLCs ICI before delivenng the frame's contents, */
op_ici_atw_set (to_lic_ici_ptr, “src_addr”, src_addr),
op_ici_atr_set (1o_lc_ici_ptr, “"dest_addr”, dest_addr),

/*11SEP94: added pri and or_time to fudi_mac_ind ici***/
/* both are needed for dais collection***/

op_ici_atu_set (to_lc_ici_ptr. “pni”, pri_level),
op_pk_nfd_get (pkpty. “cr_time”, &creation_tume),
op_ici_atu_sel (to_lic_ic1_pir. “ar_time”, creation_ume),

op_wi_install (to_lkc_1c1_pu).

/* Becausc, as nited 1n the FR_RCV state, only the */

/* frame's leading cdge has amived at this time, the */

/* complete frame can only be delivered 10 the higher */

/* laves after the frame’s trapanussion delay has elapsed. */

/* (since decapsulauon of the frame data contens has ocoured. */

/* the ariginal MAC frame length is used to calculate delay) */
tx_ume = (double) pk_len / FDDI_TX_RATE.

op_pk_send_delayed (data_pkpt, FDDI_LLC_STRM_OUT, tx_time),

/* Note that the standard specifies that the oniginal */
/* frame should be passed along until the originating station */
/* receives it. at which point it is stripped from the ring */
/* However, in the simulation model, there is no interest */
/* in lening the frame continue past its destination unless */
/* group addresses cre used, £o that the same frame could be */
/* destined for several sustions. Here the frame is sripped */
/* for efficiency as it reaches the destination; if the model */
/* is modifiec to include group addresses, this should be changed */
/* so that the f:ame is copied and the origical repeated. */
/* Logic is alrcady presem for stripping the frame at the origin. */
op_pk_destroy (pkptr).
)
/* J4APR94 . ihe fraraes belong to this ring should be repeated. */
/* Thus, local traffic is constrained.-- This is filtering decision */
/* One of the bridge’s function - Karayakaylar */
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else{
/* Repeat the original frame on the ring and account for */
/* the lateucy through the station and the propagation delay */
/* for a single hop. */
/* {Only the originating scation can strip the frame). */
op_pk_send_delaved (pkptr. FODI PHY_STRM_OUT,

Fddi_Si1_Latency + Fddi_Prop_Delay),

}

/** siate (FR_REPEAT) exit executives **/
FSM_STATE_EXIT_FORCED (6, states_zxit_exec, “FR_REPEAT™)
{

/*¢ state (FR_REPEAT) transition processing **/
FSM_TRANSIT_FORCE (|, state1_enicr_exec, ;)

USSR, )

J** state (ENCAP) enter cxecuti reg ¥/
FSM_STATE_ENTER_FORCED (8, state8_eater_exec, “ENCAP")

{

/* A frame has arived from a higher layer; place it in ‘pdu_puor. */

pdu_pu = op_pk_get (op_intrpt_stim ());

/* Also get the interface control information */
/* associated with the new frame. */
ici_ptr = op_intrpt_ici );
if (ici_ptr == OPC_NIL)
{
sprintf (error_string, *Simulation aborted; error in object (%d)",
op_id_self ());
op_sim_end (ecror_string, “‘fddi_mac: required ICI not received™, ** ¢, * ),
}

/* Extract the requested service class */

/* (e.g, synchronous or asynchronous), */

if (op_ici_attr_exists (ici_ptr, “svc_class™))
op_ici_atr_get (ici_ptr, “svc_class”, &svc_class);

else svc_class = FDDI_SVC_ASYNC;
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/* Extract the destination address. */
op_ici_attr_get (ici_ptr, “dest_addr”, &dest_addr);

/* Extract the original source address from ICI :16 APR94 */
op_ici_atr_get (ici_ptr, “src_addr™, &orig_src_addr);

/* If the frame is asynchronous, the priority and */
/* requested token class parameter may be specified. */
if (svc_class == FDDI_SVC_ASYNC)

{

/* Extract the requested priority level. */

if (op_ici_attr_exists (ici_ptr, “pri”))

op_ici_attr_get (ici_ptr, “pri”, &req_pri);
tlse req_pri=0;

/* Extract the token clase (restrictred or non-restricted). */
if (op_ici_atir_exists (ici_ptr, “'tk_class™))

op_ici_anr_get (ici_ptr, “tk_class”, &req_tk_class);
else req_tk_class = FDDI_TK_NONRESTRICTED;,
}

/* Check for the default ICI values:if they are not pracent */
/* compose the frame:21 APR% */
if( dest_addr != orig_src_addr){

/* Compose a mac frame from ali these elements. */

/*#‘.llt-‘t"l'!#.H‘lt.#.ﬁ'.t.*!t#’*##&t‘tt#t#tlltt#ttl.ﬁ.*#‘“l.*/

/* 11SEP94: mac frame format is changed to fddi_mac_fr_tcp***/
/*vtttl!-*vt!#!!‘*ttt*#l‘ttt##itttt#ttttﬁtl#ttt‘##‘t*####lt**t#t/
mac_frame_ptr = op_pk_create_fmt (“fddi_mac_fr_tcp™);

op_pk_sfd_set (mac_frame_ptr, *‘svc_class”, svc_class);

op_pk_nfd_set (mac_frame_ptr, “"dest_addr”, dest_aadr),

/*op_pk_nfd_set (mac_frame_pur, “src_addr”, my_address);*/

/™ bere original source address shouid be kept in mac frame : 16APR94*/
op_pk_nfd_set (mac_frame_ptr, “*src_addr’’. orig_src_addr);

op_pk_nfd_sct (mac_frame_pu, “info”, pdu_puw);

/t.*#***!##t***llt‘.‘.‘l.*.#llt.-.‘11‘3“lttlttt#‘li‘ﬁtlt##tltttttt/

/* 11SEP94: cr_time is added to the MAC frame (Obits) because it*/
/* is needed for calcuilations, but taken out of the L1.C frame */

[HERRAREARA R AR R R R AR KRR R SR ERR RN AR AR R

op_ici_attr_get (ici_ptr, “or_time", &creation_time),
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op_pk_nfd_set (mac_frame_ptr, “cr_time”, creation_time);

printf(*\ndest_addr = %5d\n",dest_addr);
printf(“orig_src_addr= %5d\n”,orig_src_zddr);

if (svc_class == FDDI_SVC_ASYNC)
{
op_pk_nfd_set (mac_frame_otr, “tk_class”, req_tk_class);
op_pk_nid_set (mac_frame_ptr, “pri”, req_prij;
}

/* 04JAN94. if the frame is synchronous, assign it a separate */
/* priority so that it may b assigned its own subqueue, and */
/* thereby be assigned its own probe for monitoring. -Nix */
if (svc_class == FDD]_SVC_SYNC)

{

op_pk_nfd_set (mac_frame_ptr, “pri”, 8);

}

/* Assign the frame control field, which in the model */

/* is used to distinguish between tokens and ordinary */

/* frames on the ring. */

op_pk_nfd_set (mac_frame_ptr. “fc”. FDDI_FC_FRAME):

/* Enquene the frame at the tail of the queue. */

/* 27DEC93: at the tail of the prioritized queue. */

/* 04JAN94: must distinguish between synch & asynch. */

if (svc_class == FDDI_SVC_ASYNCQC)

{

op_subq pk_iasert (req_pri, mac_frame_pw. OPC_QPOS_TA1L);
}

L o B

if {(svc_class == FDDI_SVC_SYNC)

—-ug‘

op_subq_pk_insert (8, mac_frame_ptr, OPC_QPUS_TAIL),
) .

/* if wis station has not yet registered its intent to */
/* use the token, it may do so now since it has data to send */
if ('tk_registered)

{

fddi_tk_register ();
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ik_registered = i;
}

} /* end of if(dest_addr != orig_src_addr) statement */

/** state (ENCAP) exic executives *¥*/

FSM_STATE_EXIT FORCED (8, state8_exit_exec, “ENCAP”)
{
}

/** state (ENCAP) transition processing **/
FSM_TRANSIT_FORCE (|, statel_enter_exec, ;)
[¥eeroneoenmrann. remsceezver */
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APPENDIX K

TCP RING 1 LLC_SRC MODULE CODE
“sp_fddi_gen_tcp.pr.c”

/* Process model C form file: sp_fddi_gen_tcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “sp_fddi_gen_tcp.pr.h”
FSM_EXT_DECS

/* Heager block */
#defins MAC_LAYER_OUT _STREAM 0
#define 11.C_SINK OUT _STREAM 1 /*18ATRSS™/

#dcfine IP_IN_STRM 4 /*11SEP94*/

/* define possible service classes for frames */
#define FDDI_SVC_ASYNC 0
#define FDDI_SVC_SYNC 1

/* define token classes */
#define FDDI_TK_NONRESTRICTED 0
#detine FDDI_TK_RESTRICTED 1

/* define output statistics */
#d~fine RATIO_OUTSTAT 0
#define LINK_STATUS_OUTSTAT |

/* link_status constanis 30 JUL94*/
#define GOOD 0
#define BAD 2

/* history trend constants 30JUL94*/
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#define DOWN 0
#define UP 1

/* redefine absolute value function for floating pt values 28JUL94*/
#cdefine abs(i) (i)<0 ? ~(3) : ()

struct history_element
/* format for linked list of history values 26JUL94*/

{

int num_2Irs;

struct history_element *next;
} *history,

/* function declaration 28JUL94*/
struct history_element *create_history();

/* State variable definitions */

typedef struct
{
FSM_SYS_STATE
Objid sv_mac_objid;
Objid sv_my_id;
int sv_station_addr;
int sv_src_addr;
int sv_ppp.pid_h;
int sv_ppp_pid_l;
Ici* sv_mac_iciptr;
Ici* sv_llc_iciptr;

Packet* sv_pkprrl;

Packet* sv_ppp_pkptrl;
Packet* sv_ppp_pkptr2,

int sv_hist_len;

int sv_link_status;
int sv_pkts_in_error;
Jouble sv_old_ratio;

} sp_fddi_gen_tcp_state;

#define pr_state_ptr ((sp_fddi_gen_tcp_state*) Siml_Mod_State_Ptr)
#define mac_objid pr_state_ptr->sv_mac_obijid

#define my_id pr_state_ptr->sv_my_id

#define station_addr pr_state_j ir->sv_station_addr
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#define src_addr pr_state_ptr->sv_src_addr

#define ppp_pid _h pr_state_ptr->sv_ppp_pid_h
#define ppp_pid_1 pr_state_ptr->sv_ppp_pid_l
#define mac_iciptr pr_state_ptr->sv_mac_iciptr
#define llc_iciptr pr_state_ptr->sv_llc_iciptr
#tdefine pkpirl pr_state_ptr->sv_pkptrl
#define ppp_pkptrl pr_state_ptr->sv_ppp. pkptrl
#idefine ppp_pkptr2 pr_state_ptr->sv_ppp_pkptr2
#define hist_len pr_state_ptr->sv_hist_len
#define link_stats pr_state_ptr->sv_link_staws
#define pkts_in_error pr_state_ptr->sv_pkts_in_error
#define old_ratio pr_state_ptr->sv_old_ratio

/* Process model interrupt handling procedure */

void
sp_fddi_gen_tcp ()
{
Packet *pkptr, *ip_pkpit,

int pklen;

i dest_addr;
int i,), restricted,
int pkt_prio;

int num_errors;

double new_ratio, upper_thresh, lower_thresh;
double LQR_wrans_delta,

double creation_time;

Ici *ip_iciptr,

FSM_ENTER (sp_fddi_gen_tcp)

FSM_BLOCK_SWITCH
{
/* */
/** state (INIT) enter executives **/
FSM_STATE_ENTER_UNFORCED ¢0, state0_enter_exec, “INIT™)
{
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/* determine id of own processor to use in finding attrs */
my_id = op_id_self ();

/* determine object id of connected ‘mac’ layer process */
mac_objid = op_tepo_assoc (my_id, CPC_TOPO_ASSOC_OUT,
OPC_OBIMTYPE_MODULE, MAC_LAYER_QUT_STREAM);

/* determine the address assigned o it */
/* which is also the address of this station */
op_ima_obj_attr_get (mac_objid, “station_address”, &siation_addr);

/* set up history array (dynamically allocated) which will maintain */
/* nuinber of errors in each monitoring packet rcvd. The number of */
/* values (length of the array) saved will be determined by an */
/* environment attribute. 21JUL94 */
op_ima_obj_attr_get (my_id, “history length”, &hist_len);
history = create_history(hist_len),
printf (“HISTORY\n"");
if (op_sim_debug() = OPC_TRUE)
{
for (i=1;i<=hist_len;4+H+)
{
printf (**%d *,history->num_errs);
history = Listory->next;
}
printf (‘*\n”);
}

/*11SEP94 set up ICI structure */
mac_iciptr = op_ici_create (“fddi_mac_req tcp”);
lic_iciptr = op_ici_create (“fddi_mac_ind_tcp™),

}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (1,sp_fddi_gen_tcp)

/¥* state (INTT) exit executives **/
FSM_STATE_EXIT_UNFORCED (0, stateD_exit_exec, “INIT”)
{
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/** state (INIT) transition piucessing **/
FSM_TRANSIT_FORCE (1, statel_enter_exec, ;)
[¥emen ~amves . */

/** state (ARRIVAL) enter executives **/
FSM_STATE_ENTER_UNFORCED (1, statel_enter_exec, “ARRIVAL”)
{
/* This station should receive frames from the other lan as long as */
/* there are frames in the input streams addressed to this lan */
[*check if the interrupt type is stream interrupt and from the CDL*//*12APR94*/
if((op_intrpt_type() == OPC_INTRPT_STRM)&& (op_intrpt_strm()!=
IP_IN_STRM))
{
/* if it is, get the packet in the input stream causing interrupt */
/* modified for PPP 12JUL94 */
ppp_pkptrl = op_pk_get(op_intrpt_strm());
/* determine type of PPP packet 12JUL94 */
op_pk_nfd_get(ppp_pkptrl,”pid_h", &ppp_pid_h);
/* case on pid_h: 00 - data, Oxc0 - control 13JUL*/
switch (ppp_pid_h)

{
case 0x00: /* if data, strip header and send as FDD] frame */

/* strip off PPP header 12JUL94*/
if (op_sim_debug()==0OPC_TRUE)
{
printf (“pkt rcvd at sp: data\n™),
num_errors
=op_td_get_int(ppp_pkptr] OPC_TDA_PT_NUM_ELRRORS):
printf (“number of errors in data - %d\n”,num_errors);
}
op_pk_nfd_get(ppp_pkptrl,"FDDI_frame” &pkptri);
op_pk_destroy(ppp_pkptrl);
/* get ICI associated with FDDI LLC frame 11SEP94*/
lic_iciptr = op_pk_ici_get (pkptrl);
/* get the destination address of the frame: 11SEP4 */
op_ici_attr_get(lc_iciptr, “dest_addr”, &dest_addr).
/* check if this frame is for the remote bridge station(bridge in surface
lan) */
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if(dest_addr == station_addr)

{

/* if it is, scnd the packet to llc_sink directly */

/* in order to prevent overhead of mac access */

op_ici_iastall (ic_iciptr);

op_pk_send(pkpirl, LLC_SINK _OUT_STREAM),/*19APR94*/

}

else

/* this packet is to send to mac */

{

/* deterinine the source address of the frame */

op_ici_attr_ge«lc_iciptr, “‘src_addr”, &src_addr);

/* set up an ICI structure to communicate parameters to ¥/

/¥ MAC layer process (initialized in INIT state)*/

/* place the original source address into the ICI *//* 16APR94 */

/* “fddi_mac_req” is modified so that it contains the original */

/* source address from the local lan(collection piatform) */

op_ici_attr_set(mac_iciptr, “src_addr”, src_addr);

/* place the destination address into the ICI */ /*12APR94*/

op_ici_attr_set(mac_iciptr, “dest_addr”, dest_addr);

/* assign the service class ana requested token class */

/* At this momert the frames coming from the remote lan are assumed */

/* to have the same priority as synchronous frames in order not to
accumulate */

/* packets on the bridge station mac and instead to deliver their
destirations */

/* as soon as possible */

/* 10SEP94: I dor’t know why Selcuk did this, so I'll leave the values*/

/* but change to conform with the new packet/ICI formats */

op_ici_attr_set(mac_iciptr, “svc_class”, FDDI_SVC_SYNC);

op_ici_atr_set(mac_iciptr, “pri”, 8);

op_ ici_attr_set(mac_iciptr, “tk_ciass”, FDDI_TK_NONRESTRICTED),

op_ici_attr_get(llc_iciptr, “car_time”, &creation_time);
ol _ici_attr_set(mac_iciptr, “cr_time”, creation_time);
* send the packet coupled with the ICI */
wp_ici_install(mac_iciptr);
op_pk_send(pkotr], MAC_LAYER_OUT_STREAM);
}
break;

case OxcO0: /* either monitoring packet or LQR */
op_pk_nfd_get (ppp_pkptr!,”pic_1".&ppp_pid_l);
switch {ppp_pid_1)
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{

case 0x21: /*monitcring packet*/
printf (“MONITORING PACKET RECEIVED\n"),
num _errors

=op_td_get_int(ppp_pkptr’,OPC_TDA_PT_NUM_ERRORS);

>%d\n”’,pkts_in_error),

&LQR_trans_delta);

printf (* NUMBER OF ERRORS -->%(\n",.num_errors),
if ((num_errors != 0) && (hisiory->num_errs=0))
pkts_in_error++;

else if ((num_errors == 0) && (history->num_errs != 0))
pkts_in_error--;

printf (“ TOTAL NUMBER OF PACKETS IN ERROR --

history->num_errs = num_errors;
history = history->next;

if (op_sim_debug()==OPC_TRUR®)
/* print out history values 30JUL94 */
{

for (i=1;i<=hist_len;++i)

{

printf (“%d “ history->aum_errs);
history = history->next;

}

printf (‘N

op_pk_destroy (ppp_pkptrl);

new_ratio = (double)phrs_in_error/(doubie)hist_len;

/* outstat(0) will be a record of the ratio §AUG94*/
op_stat_local_write (RATIO_OUTSTAT, new_ratio);
op_ima_obj_alir_get (my_id, “LQR transmission delia”,

if (op_sim_debug()==0PC_TRUE)
printf (“LQR delta - %f new_ratio - %f old_ratio -

%H\n",LQR_trans_dela,new_ratio,old_ratio);

calculaticn{division) */

/* 8AUG94 This condition aliows for tolerance in the ratio

if (abs(new_ratio - old_ratio) >= LQR_trans_delta)
{

PPp_pkptr2 = op_pk_cteate_fmt (“ppp”’);
op_pk_nfd_set (ppp_pkptr2, “‘pid_h", Oxc0),

197




upper_thresh).

&lower_thresh);

2));

op_pk_nfd_sct (ppp_pkptr2, “pid_I". 0x25).
op_ima_ob)_attr_get (my _id. “upper hysteresis threshold",

op_ima_obj _atu_get (my _id. “lower hysteresis threshold™,

/* status = GOOD 0 or BAD 2 rend = UP 1 or DOWN 0 2AUG%4*/
if (new_ratio >= upper_thresh)

link_status = BAD;

else if (new_ratio <= lower_thresh)

link_status = COOD;

clse link_status = link_status - (link_status % 2);/* remove trend value*/

/* outstat( 1) will moritor link status 0-GOQOD 1-BAD 8A11G94*/
op_stat_Jocal_write (LINK_STATUS_OUTSTAT, (doubie) {link_status/

/= trend will change each time */

if (new_ratio > old_ratio) /*up-trend */
link_status += UP,

else link_status += DOWN;

op_pk_ufd_set (ppp_pkptr2, “LQR _info”, link_status);
if (op_sim_debug()==OPC_TRUE,

{

printf (“resulting LQR pki\n");
op_pk_print(ppp_pkptr2);

}

old_ratio = new_ratio;

op_pk_send (ppp_pkpur2, LLC_SINK_OUT_STREAM);
}

if (op_sim_debug()==OPC_TRUE)

print (* Latest ratio: %f\n".new_ratio);

break;

case 0x25:/*LQR from cp - not implemented yet*/
break;

default:

printf ("ERROR: UNKNOWN PPP PACKET -

pid_1=0x%x\n",ppp_pid_l),
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op_pk_destroy (ppp_pkptrl),
break;
}
break.
default:
printf ("ERROR: UNKNOWN PPP PACKET -
pid_h=0x%x\n".ppp_pid_h);
op_pk_destroy (ppp_pkptrl);
break;
}

}
clse /* it should be an IP dgram */
if((op_intrpt_type{) == OPC_INTRPT_STRM)&& (op_intrpt_strm()==
IP_IN_STRM))

{

/* get IF dgram and associated ICI */
ip_pkptr = op_pk_get (IP_IN_STRM),
ip_iciptr = op_intrpt_ici();

/* create an LLC frame to send to MAC */

/* ICI initialized in INIT state */

pkptr = op_pk_create_fmt (“fddi_lic_fr_tcp™),
op_pk_nfd_set (pkptr, “datagram”, ip_pkptr);

op_ici_atu_get (ip_iciptr,"cest_addr”, &dest_addr),

if (dest_addr <= 9) /* destined for other LAN*/
{
op_ici_arttr_sei (lic_iciptr,"dest_addr”, dest_addr);
op_ici_attr_set (lc_icipw,’src_addr”, station_addr),
op_ici_atr_set (Uc_iciptr,”pri”. 0);
op_ici_atu_set (lic_iciptr,”cr_time", op_sim_time());

/*install LLC ICI and send frame to LLC sink */
op_ici_install (llc_iciptr),
op_pk_send (pkpu, LLC_SINK_QUT_STREAM),
}

¢lse /* destined for this LAN, so send frame with MAC ICI*/
{
/* place the destination address into the ICI */
op_ici_attr_set (mac_iciptr, “dest_addr”, dest_addr);
/* place the source address into the ICI *//* 7APR94*/
op_ici_attr_set (mac_iciptr, “src_addr”, station_addr);
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/* assign sve_class. token cless, and pri 1AW R¥FC (390 */
op_ic1_sir _set (mac_iciptr, “sve_class”, FDDI_SVC_ASYNC),

op 1IC1_at_s¢t (mas_iciptr, "prt0),
/* Request only noarestncied 1okens after ransmission */
op_ici_atr_set (mac_iciptr, “tk_class”, FODI_ TK_NONRESTRICTED).

Op _ICi_atr_set (mac_iciptr, "cr_ame”, ap_sim_time());

op_ici_install (mac_iciptr),
op_pk_send (pkptr, MAC_LAYER _OUT_STREAM),

}
}

/** blocking after enter executives of unforced siate. **/
FSM._EXIT (3,sp _fddi_gen_tcp)

/** state (ARRIVAL) exit executives **/
FSM_STATE_EXIT_UNFORCED (1, statel_exit_exec, “ARRIVAL")

{
}

/** state (ARRIVAL) transition processing **/
FSM_TRANSIT_FORCE (1, statel_enter_exec, ;)
/* */

FSM_EXIT (0,.sp_fddi_gen_tcp)
}

void

sp._fddi_gen_tcp_svar (prs_pir,var_name,var_p_ptr)
sp_fddi_gen_tcp_state*prs_ptr;
char *var_name, **var_p_ptr,
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void

{
FIN (sp_fddi_gen_tcp_svar (prs_ptr))

*var_p_ptr = VOS_NIL;

if (Vos_String_Equal (“‘mac_objid" , var_name))
*var_p_ptr = (char *) (&prs_po->sv_mac_objid);

if (Vos_String_Equal (“my_id" , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_my_id);

if (Vos_String_Equal (“station_addr” , var_name))
*var_p_ptr = (char *) (&prs_pt->sv_station_addr);

if (Vos_String_Equal (“src_addr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_src_addr);

if (Ves_String_Equal (“ppp_pid_h", var_name))
*var_p_ptr = (char *) (&prs_pu->sv_ppp_pid_h);

if (Vos_String_Equal (“ppp_pid_I", var_nare))
*var_p_ptr = (char *) (&prs_ptr->sv_ppp. pid_l);

if (Vos_String _Equal (“mac_iciptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_taac_icipir);

if (Vos_String Equal (“lic_iciptr” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_lc_iciptr),;

if (Vos_String_Equal (“pkptri” , var_pame))
*var_p_ptr = (char *) (&prs_ptr->sv_pkptrl);

if (Yos_Stming Equal (“ppp_pkpir]”, var_name))
*var_p_ptr = (char *) (&prs_pu->sv_ppp_pkptrl);

if (Vos_String Equal (“ppp_pkptr2” , var_name))
*var_¢_ptr = (char *) (&prs_pur->sv_ppp_pkptr2);

if (Vos_String Equal (“hist_len" , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_hist_lea);

if (Vos_String_Equal (“link_status” , var_name))
*var_p_ptr = (char *) (&prs_pu->sv link_status);

if (Vos_Suing_Equal (“pkts_in_error” , var_namc))
*var_p_pir = (char *) (&prs_ptr->sv_pkts_in_esvor);

if (Vos_String_Equal (“*oid_ratio” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_old_ratio);

FOUT,
}
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sp_fddi_gen_tcp_diag ()
{
Packet *pkpm, *ip_pkptr;

int pklen;

int dest_addr;
int i,j, restricted;
int pkt_prio,

int num_errors,

double new_ratio, upper_thresh, lower_thresh;
double LQR_trans_delta;

double creaiion_time;

Ici *ip_iciptr,

FiN (sp_fddi_gen_tcp_diag; ()

FOUT,

void
sp_Iddi_gen_tcp_terminate ()
{
Packet *pkptr, *ip_pkptr;

int pklen;

int dest_addr;
int i, restricted,;
int pkt_prio;

int DUMm_eITONS,

double new_ratio, upper_thresh, lower_thresh;
double LQR_trans_delta;

double creation_time;

Ici *ip_iciptr;

FIN (sp_fddi_gen_tcp_terminate ()

FOUT,
)
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Compcode
sp_fddi_gen_tcp_init (pr_state_pptr)
sp_fddi_gen_tcp_state**pr_state_ppu.

{
static VosT_Cm_Obtypeobtype = OPC_NIL,

FIN (sp_fddi_gen_tcp_init (pr_state_pptr))

if (ohtype == OPC_NIL)

{

if (Vos_Catmem_Register (“proc state vars (sp_fddi_gen_tcp)”,
sizeof (sp_fddi_gen_tcp_state), Vos_Nop, &obtype) == VOSC_FAILURE)
FRET (OPC_COMPCODE_FAILURE)

}

if ((*pr_state_pptr = (sp_fddi_gen_tcp_state*) Vos_Catmem_Alloc (obtype, 1)) ==
OPC_NIL)
FRET (OPC_COMFPCODE_FAILURE)
else

{
(*pr_state_pptr)->current_block = 0;
FRET (OPC_COMPCODE_SUCCESS)

}

struct history_element *create_history(size)
int size;

/* returns a pointer to the first element in a circular linked list */
{
struct history_element *p, *new, *star,;
int i;

for (i=1l;i<=size,++i)
{
printf (“inside on iteration %d %d\n"i size);
new = (struct history_element*)malloc(sizeof{struct history_element));
if (Inew)

{
printf(“ERROR: MEMORY ALLOCATION™);
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exit(1);
}
if (i==1)
{
p = new;
start = new;
}
clse p->next = new, /* stick new element on end of list*/
new->next = NULL,;
new->num_errs = 0,
P = Dew;
}
p->next = start;
return (start),
}
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APPENDIX L

TCP RING 1 LLC_SINK MODULE CODE
“sp_fddi_sink_tcp.pr.c”

/™ Process model C form file: sp_fddi_sink.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “sp_fddi_sink.prh”
FSM_EXT_DECS

/* Header block */

/* Globals */

/* array format installed 20JAN94; positions 0-7 represent the asynch priority levels, PRIORITIES
+ 1%

/* represents synch traffic, and grand totals are as given in the orizinal. */

#define PRIORITIES 8 /* 20JAN94 */
#dcefine XMITTER_BUSY 0 /*10MAY94 =/

#define LLC_SOURCE_INPUT_STREAM 1 /*26JUL94*/
#define MAC_INPUT_STREAM 0

static /* 0SFEB94 */

double fddi2_sink_accum_delay = 0.0;

static /* OSFEB94 */

double fddi2_sink_accum_dclsy_a[PRIORITIES + 1] = {0.0.0.0.0.0,2.0,0.0.0.0. 0.0,
0.0.0.0});

static /* OSFEB94 */

int fddi2_sink_total_pkts = 0,

static /* OSFEB94 */

int fddi2_sink _1otal_pkis_ajPRIORITIES + 1] = {0, 0. 0, 0, 9, 0, 0,0, 0},

static /* OSFEB94 %/

double fddi2_sink_sotal_bite = 0.0;
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static /* OSFEB94 */

double fddi2_sink_total_bits_s{PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0}
static /* OSFEB94 */

double fddi2_sink_peak_delay = 0.0;

static /* OSFEB94 */

double fddiZ_sink_peak_delay_a[PRIORITIES + 2] = {0.0, 0.0, 0.0, €.0, 0.0, 0.0, 0.0, 0.C,
0.0);

static: /* OSFEB9%4 */

int fddi2_sink_scalar_write = 0;

static /* OSFEBNM */

int pri2_set = 20; /¥ 20JAN94 */

double busy = 0.0; /* 10MAY%4 */

/* Statistics used for command link:21 APR94 */

static

int fddilp2_total_pkts = 0,

static

int fddilp2_total_pkts_a[PRIORITIES + 1] ={0,0,0, 0,0, 0, 0, 0, 0};

static

double fddilp2_total_bits = G.0;

static

doubie fddilp2_total bits_alPRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0}.

/* Externally defined globals. */
extern doublefddi_t_opr [);

/*12JAN94:atiributes from the Environment file */
double Offered_Load; /* 12JANS4 */
double Asynch_Offered_Load; /* 122JJAN4 */

/* transition expressions */
#define END_OF_SIM op_intrpt_type() == OPC_INTRPT_ENDSIM

/* Siaate variable definitions */

typedef struct
{
FSM. SYS_STATE
Gshandle sv_tkru2_gshandie;
Gshandle sv_m2_delay_gshandle;
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Gshandle sv_ete2_del y_gshandle,
Gshandle  sv_thru2_gsbandle_a[10];
Gshandle sv_m2_delay_gshandle_ af10];
Gshandle sv_ete2_delay_gshandle_a[9];
Gshandle sv_t2_gshandle;

Gshandle  sv_t2_gshandle_a[10];

Objid sv_my_id;

} sp_fddi_sink_state;

#define pr_state_ptr ((sp_fddi_sink_state*) Siml_Mad_State_Ptr)
#define thruZ_gshandle pr_state_ptr->sv_thru2_gshandle

#define m2_delay_gshandle pr_state_ptr->sv_m2_delay_gshandle
#define ete2_delay_pshandle  pr_state_ptr->sv_ete2_delay_gshandle
#define thru2_gshandle_a pr_state_ptr->sv_thru2_gshandle a

#define m2_delay_gshandle a pr_state_pir->sv_m2_delay_gshandle a
#define ete2_delay_gshandle_a pr_state_ptr->sv_ete2_delay_gshandle a

#define t2_gshandle pr_state_ptr->sv_t2_gshandle
#define t2_gshandle_a pr_state_pir->3v_t2_gshandle a
#define my_id pr_state_ptr->sv_my_id

/* Process model interrupt handling procedure */

vo.d

sp_fddi_sink ()
{
double delay, creat_time;
Packet* okptr;

Packet* ppp_pkptr;
Packet* pkptrl ; /*SAPR94%/

int src_addr, my_acdr,

int dest_addir;/* 14AFR94*/

Ici* from_mac_ici_ptr;

double fddi_snk_toe;

char pk_format[10];

int input_stream;

int fd_index, FDDI_frame_size;
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FSM_ENTER (sp_fddi_sink)

FSM_BLOCK_SWTICH
{
/* */
/** state (DISCARD) enter executives **/
FSM STATE_ENTER_UNFORCED (0, state0_enter_exec, “DISCARD")
{
/* determine the type of interrupt */
switch(op_intrpt_type())
{
* check if ransmitter is busy */
case OPC_INTRPT STAT:

{
busy = op_stat_local_read (XMITTER_BUSY);

break,
}
/* check if a packet has arrived */
case OPC_INTRPT_STRM:
{
/* get the packet*/
imput_stream = op_intrpt_strm();
pkptr = op_pk_get (input_stream);
op_pk_format(pkptr,pk_format);

/* if the packet is a ppp control packet from the Uc_source */
if ((stremp(pk_format,”ppp”)==0) &&(input_stream ==
LLC_SOURCE_INPUT_STREAM))
{
/* bypass all this and send pkt out on the command link */
}
else
{
/* assume this is 8 FDDI frame */
from_mac_ici_ptr = op_intrpt_ici ()

/* 20JAN94: get the packet’s priority level, which */

/* will be used to index arrays of thruput and delay */

/* computations, */

/* pri2_set = op_pk_priority_get (pkptr), doesn’t work here */
op_pk_nfd_get (pkptr, “pri”, &pri2_set); /* 20JAN94 */

/* determine the time of creation of the packet */




op_pk._nfd_get (pkptr, “cr_time”, &creat_time),

/* determine the dest address of the packet */ /*18APRS4*/
op_pk_nfd_get (pkptr, “‘dest_addr”, &dest_addr);

/* TAPR94:determine id ¢f own processor to use in finding */
/* station address of the bridge node */
my_id = op_id_seli();

/* 14APR94 : also get my own address */
op_ima_obj_attr_get ( my_id, “station_address”, &my_addr),

/* destroy the packet */

/* op_pk_destroy (pkptr); */

/* 03FEB9%4: rather, enqueve the packet. This will be the */
/* first step toward developing a LAN bridging structure. */
/* -Nix */

/* op_subq_pk_insert (pri_set, phptr, OPC_QPOS_TAIL); */

/* 14APR94: check the frame passed to “lic” is destined for */

/* this station. If it is destroy the packet, if not, allocate: the packets */

/* to the command link transmitter since they are destined for the remote
lan */

/* -Karayakaylar */

/* determine the packets coming from surface stations, this will */

/* be counted for local traffic */

/* 9(nine) is model specific, this is the “statior_number” of */

/* collection platform bridge station */

if((dest_addr == my_addr)&&(src_addr > 9))

{

/* add in its size */

fddi2_sink_total_bits +== op_pk_total _size_get (pkptr),

fddi2_sink_toal_bits_a[pri2_set] += op_pk_total_size_get (pkptr); /*
20JAN-20APR94 */

/* accumulate delays */

delay = op_sirn_time () - cTeat_time;

fddi2_sink_accum_delay += delay,;
fddi2_sink_accum_dclay_alpri2_set] += delay; /* 20JAN-20APR94 */

/* keep track of peak delay value */
if (delay > fddi2_sink_pecak_delay)
fddi2_sink_peak_delay = delay;
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/* 20JAN94. keep irack by priority levels as well 23JAN-20APR94 */
if (delay > fddi2_sink_peak_delay_a[pri2_set])
fddi2_sink_peak_delay_a[pri2_set] = delay;

op_pk_destroy (pkptr);

/* increment packet counter; 20JAN94 */
fddi2_sink_total_pkts++;
fddi2_sink_total_pkts_afpri2_set]++;

/* if a multiple of 25 packets is reached, update stats */
/* 03FEB94: [0]->[7) represent asynch priorities 1->8, */
/* respectively; [8] represents synchronous traffic, */

/* and [S] represenis overall asynchronous traffic.-Nix */
if (fddi2_siuk_totel_pkts % 25 =10)

{

op_stat_global_write (thru2_gshandle,
fddi2_sink_tctal_bits / op_sim_time ());

op_stat_global_write (thru2_gshandle afpri2_set],
fddi2_sink_total_bits_aj0] / op_sim_time());
op_stat_global_write (thru2_gshandle_a[0],
fddiZ_sink_total_bits_a[1] / op_sim_time()),
op_stat_global_write (thru2_gshandle_a[1],
fddi2_sink_total_bits_a[pri2_set] / op_sim_time());
op_stat_global_write (thru2_gshandle_af2],
fddi2_sink _total_bits_a[2} / op_sim_time());
op_stat_global_write (thru2_gshandle_a[3],
fddiZ_sink_total_bits_a[3] / op_sim_time());
op_stat_global_write (thru2_gshandle_a[4],
fddi2_sink_total_bits_a[4] / op_sim_time());
op_stat_global write (thru2_gshandic aS],
fddi2_sink_total_bits_a[5] / op_sim_t:me()),
op_stat_global_write (thru2_gshandle_a[6],
fddi2_sink_total bits_a[6) / op_sim_time()),
op_stat_global_write (thru2_gshandle_a[7],
fddi2_sink_total_bits_a[7] / op_sim_time());
op_stat_global_write (thru2_gshandle_a(8).
fddi2_sink_total_bits_a[8] / op_sim_time());

/* 30JAN94. gather all asynch stats into one overall figure */
on_stat_global_write (thru2_gshandle_a[9],
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{fddi2_sink_total_bits - fddi2_sink_total_bits_a[8]) /
op_sim_time());

/* (fddi2_sink_total_bits_a{0] + fddi2_sink_total_bits_a[l] + */
/* fddi2_sink_total bits_a[2} + fddi2_sink_total_bits_a[3] + */
/* fiddi2_sink_total_bits_a(4] + fddi2_sink_total_bits_a[5] + */
/* fddiz_sink_total bits_a[6] + fddi2_sink_total_bits_a[71) / ¥/
/* op_sim_time()); */

op_stat_global_write (m2_delay_gshandle,
fddi2_sink _accum_delay / fddi2_sink_total pkts);

op_stat_global_+rite (n2_delay_gshandle_a[0],
fddi2_sink_accum_delay_a{Q; / fddi2_sink_total_pkts_a{0)),
op_stat_global_write (m2_delay_gshandle_a[1],
fddi2_sink_accum_delay_a[1]/ fddi2_sink_total_pkts_a[1]);
op_stat_global_write (m2_celay_gshandle_a[2],
fddi2_sink_accum_delay_af2] / fddi2_sink_total_pkts_a[2]);
op_stat_global_write (m2_delay_gsinandie_al3],
fddi2_sink_accum_delay_a[3)] / fddi2_sink_total_pkts_a[3]);
op_stat_global_write (m2_delay_gshandle_a[4],
fddiz_sink sccum_delay_al4] / fddi2_sink_rotal_pkts_a[4]);
op_stat_global_write (m2_delay_gshandlc_al5],
fddi2_sink_accum_delay_a[5]/ fddi2_sink total_pkts_a[5]);
op_stat_globai_write (m2_delay_gshandle_a[6],
fddi2_sink_accumn_delay_a[6] / fddi2_sink_total pkts_a[6]);
op_stat_global_write (m2_delay_gshardle_a[7],
fddi2_sink_accum_delay_a[7] / fddi2_sink_total_pkts_a[7]);
op_stai_giobal_write (m2_delav_gshandle_a[8],
fddi2_sink_accum_celay_al8] / fdai2_sink_total pkts_a{8]).

/* 30JANY4: gather all asynch stats int one figure */
op_stat_global_-atite (m?2_delay_gshandle_a[9).
(fddi2_sink_accum_delay - §iddi2_sink_accum_delay_a[8]) /
(fddi2_sink_total_pkts - fddi2_sink_total_pkts_a[8])):

/¥ (fddi2_sink_accum_delay_a[0] + fddi2_sink_accum_delay_a[1] + */
/* fddi2_sink_accum_delay_a'2] + fddi2_sink _accum_delay_a[3] + */
/* fddi2_sink_accum_delay_sa[4] + fddi2_sink_accum_delay_a[5] + */
/* fddi2_sink_accum_delay_a[6] + fddi2_sink_accurmn_delay_a[7]) / */
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/* (fddi2_sink_total_pkts_a[0] + fddi2_sink_total_pkts_a[1] + */
/* fddi2_sink_total_pkts_a[2] + fddi2_sink_total_phts_af3] + */
/* fddi2_sink_total_pkts_a[4] + fddi2_sink_total_pkts_a[5] + */
/* fddi2_sink_total_pkts_a[6) + fddi2_sink_total_pkts_a[7])); */

/* also record actual delay values */

op_stat_global_write (ete2_delay_gshandie, delay),
op_stat_global_write (ete2_delay_gshandle_a[pri2_set], delay);
}

}/*end of if(dest_addr==my_addr)&&(src_addr > 9)statement */

/* 20APR94: destroy the packets coming from the first lan destined */
/* for this station.These packets are not counted for local traffic.*/
else if(dest_addr == my_addr)

op_pk_destroy(pkptr);

/* Other frames passed to “lc” should be destined for other lan */
/* 18APR94 :allocate the packets to transmitter of command link */
else

{

/* add in its size */

fddilp2_total_bits += op_pk_total_size_get (pkptr):

fddilp2_total_bits_a[pri2_set} += op_pk_total_size_get (pkptr); /*
20JAN-20APR94 */

/* increment packet counter; 20APR%4 */
fddilp2_total_pkts++,
fddilp2_total_pkts_a[pri2_set)++;

/* if a multipie of 25 packets is reached, update stats */
/* [0]->[7] represent asynch pricrities 1->8, */

/* respectively; {8) represeats synchronous traffic, */

/* and [9] represents overall asynchronous traffic.-Nix */
if ({ddilp2_total_pkts % 25 == 0)

{

op_stat_global_writs (12_gshandle,

fddilp2 _total_bits / op_sim_time ()),

op_stat_global write (t2_gshandle_a[pri2_set],
fddilp2_total_bits_a[0] / op_sim_time());
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op_stat_global_write (t2_gshandle_a[0],
fddilp2_total_bits_a[!] / op_sim_time());
op_stat_global_write (t2_gshandle_a[]],
fddilp2_total_bits_a[pri2_set] / op_sim_time());
op_stat_global_write (t2_gshandle_a[2],
fddilp2_total_bits_a[2] / op_sim_time());
op_stat_global_write (t2_gshandle_a[3],
fddilp2_total_bits_a[3] / op_sim_time());
op_stat_global_write (t2_gshandle_a[4],
fddilp2_total_bits_a[4] / op_sim_time());
op_stat_global_write (t2_gshandle_a[5],
fddiip2_total bits_a[5] / op_sim_time());
op_stat_global_write (t2_gshandle_a[6),
fddilp2_total_bits_a[6] / op_sim_time());
op_stat_global_write (t2_gshandle_a[7],
fddilp2_total_bits_a[7] / op_sim_time());
op_stat_globai_write (t2_gshandle_a[8],
fddilp2_total_bits_a[8] / op_sim_time());

/* gather all asynch stats into one overall figure */

op_stat_global_write (t2_gshandle_a[9],
(fddilp2_total_bits - fddilp2_total_bits_a[8]) /
op_sim_tima());

/* (fddilp2_total bits_a[0] + fddilp2_total _bits_a[1] + */
/* fddilp2_total_bits_a[2] + fddilp2_total_bits_a[3] + */

/* fddilp2_total_bits_a[4] + fddilp2_total_bits_a[5] + */

/* fddilp2_total_bits_e[5] + fddilp2_total_bits_a[7]) / */

/* op_sim_time()); */

}

/* 21 APR%4:allocate packets to the comraand link transmitter */
/* altered for ppp 1AUG */
pPp_pkptr = op_pk_create_fmt(“ppp_ml!");
op_pk_nfd_set (ppp.pkptr, “pid_h", 0x00);
op_pk_nfd_set (ppp_plptr, “pid_i", 0x3d),
op_pk_nfd_set (ppp_pkptr, “FDDI_frame”. pkptr),
/* put ppp packet on subqueue to be xmitted */
op_subg_pk_insert(), ppp.pkptr, OPC_QPOS_TAIL);
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}/* end of else */
}/* end of else for (if ppp and from LLC_source) */

/* check if this subqueue is empty and transmitter is not busy */
if ((top_subq_empty(0))&&(busy == 0.0))

{

/*access the first packet in the subqueue */

pkptr! = op_subq_pk_remove (0, OPC_QPOS_HEAD),

/* forward it to the transmitter of command link */

op_pk_send (pkptri, 0);

}

break;
}/* end of case OPC_INTRPT_STRM statement */

}/* end of switch */

/** blocking after enter executives of unforced state. **/
FSM_EXTT (1,sp_fddi_sink)

/** state (DISCARD) exit executives **/
FSM_STATE_EXIT_UNFORCED (0, suate0_exit_exec, *DISCARD")
{
}

/** statc (DISCARD) transition processing **/
FSM_INIT_COND (END_OF_SIM)
FSM_DFLT_COND
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FSM_TEST_LOGIC (“DISCARD")

FSM_TRANSIT_SWITCH

{
FSM_CASE_TRANSIT (0, 1, statel_enier_exec, ;)

FSM_CASE_TRANSIT (1, 0, state0_enter_exec, ;)

[Fevnen */

I** state (STATS) enter executives **/
FSM_STATE_ENTER_UNFORCED (1, statel_enter_exec, “STATS™)
{
/* At end of simulation, scalar performance statistics */
/* and input parameters are written out. */
/* This is for command link throughput :21: APR94*/
op_stat_scalar_write (“CL Throughput (bps), Priority 17,
fddilp2_total_bits_a[0] / op_sim_time ());

op_stat_scalar_write (“CL Throughput {bps), Priority 2",
fddilp2_total bits_a[1] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Priority 3",
fddilp2_total_bics_a[2] / op_sim_time (});

op_stat_scalar_write (“CL Throughput (bps), Priority 4™,
fddilp2_total_bits_a[3] / op_sim_time ());

op_stat_scalar_write (""CL Throughpnt (bps), Priority 5.
fddilp2_total_bits_a{4] / op_sim_time {));

op_star_scalar_write (*CL Throughput {bps), Priority 6”,
fddilp2_total bits_a[5] / op_sim_time ());

op_stat_scalar_write (“CL Througiput (bps), Priority 7",
fddidp2_total_bits_a[6] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Priority 8",
fddilp2_total_bits_a[7] / op_sim_time ());

op_stat_scalar_write (“CL Throughput (bps), Asynchronous”,
(fddilp2_total_bits - fddilp2_total bits_a[8]) / op_sim_time ());
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/* (fddilp2_total_bits_a[0] + fddilp2_total_bits_a[1] + */
/* fddilp2_total_bits_a[2] + 1ddilp2_total_bits_a[3] + */

/* fddilp2_total_bits_a[4] + fddilp2_total_bits_a[5] + */

/* fddilp2_total_bits_a[6] + fddilp2_total_bits_a[7]) / */
/* op_sim_time (O); */

op_stat_scatar_write (CL Throughput (bps), Synchronous”,
fddilp2_total_bits_a[8] / op_sim_time (});

op_stat_scalar_write {“CL Throughput (bps), Total”,
fddilp2_rotal_bats / op_sim_time ());

/* Only one station needs to do this for the second ring(Ring 1)*/
if (1fddi2_sink_scalar_write)

{

/* set the scaiar write flag */

fddi2_sink_scalar writc= 1,

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Priority 17,
fddi2_sink_accum_delay_a[0] / fddi2_sink_total_pkts_a[0]);

op_stat_scalar_write (“Mean End-to-End Delay-1(sec.), Priority 2”,
fddi2_sink_accum_delay_a[1]/ fddi2_sink_total_pkts_ga[1]);

op_stat_scalar_write (“Mean End-to0-End De.iay-l (sec,), Priority 37,
fddi2_sink_accum_delay_a[2]/ fddi2_sink_total pkis_al2]);

op_stat_scalar_write (“Mean End-to-End Delay-1 (se¢.), Priority 47,
fddi2_sink accum_delay_a[3)/ fddi2_sink_toial_pkis_a[3));

op_stat_scalar_write (“Meap Enrd-to-End Delay-1 (sec.), Priority 5",
fddiz_sink_accum_delay_a[4] / fddi2_sini_total_pkts_a[4]);

op_siat_scalar_write (“Mean End-to-End Delay-1 (sec.), Priority 6",
fddi2_sink_accum_delay_a[5] / fddi2_sink_total_pkts_a[5]);

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Priority 77,
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fddi2_sink_accum_delay_a[6] / fddi2_sink_total_pkts_a[6]):

op_stat_scalar_write (“Mean End-to End Delay-1 (sec.), Priority 8",
fddi2_sink_accum_delay_a[7] / fddi2_sink_total _pkts_a[7]);

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Asynchronous”,
(fddi2_sink_accum_delay - fddi2_sink_accum_delay_a[8]) /
(fddi2_sink_total_pkts - fddi2_sink_total_pkts_a[8]));

/* (fddi2_sink_accum_delay_a[0] + fddi2_sink_accum_delay_af1] + */
/* fddi2_sink_accum_delay_af{2] + fddi2_sink_accum_delay_a[3] + */

/* fddi2_sink_accum_delay_a[4] + fddi2_sink_accum_delay_a[5] + */

/* fddi2_sink_accum_delay_a[6] + fddi2_sink_accum_delay_a[7]) / */

/* (fddi2_sink_total_pkts_a[0] + fddi2_sink_total_pkts_a[1] + */

/* fddi2_sink_total_pkts_a[2] + fddi2_sink_total_pkts_a[3] + */

/* fddi2_sink_total_pkts_a[4] + fddi2_sink_total_pkts_a[5] + */

/* fddi2_sink_total_pkts_a[6] + fddi2_sink_total_pkts_a[7])); */

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Synchronous”,
fddi2_sink_accum_delay_a[8) / fddi2_sink_total_pkts_z[8]);

op_stat_scalar_write (“Mean End-to-End Delay-1 (sec.), Total”,
fddi2_sink_accum_delay / fddi2_sink_total_pkts);

op_stat_scalar_write (“Throughput-1 (bps), Priority 17,
fddi2_sink_total bits_a[0} / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps), Priority 2",
fddi2_sink_total_bits_a[1] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps). Priority 3",
fddi2_sink_total_bits_al2] / op_sim_time ()};

op_stat_scalar_write (“Throughput-1( bps), Priority 4”,
fddi2_sink_total_bits_a[3)} / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps), Priority 5,
fddi2_sink_total_bits_a[4) / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps), Priority 6",
fddi2_sink_total_bits_a[5} / op_sim_time ());
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op_stat_scalar_write (' Thronghpui-1 (bps), Priority 7,
fddiZ_sink_total_bits_a[&] / op_simn_time ());

op_stat_scalar_write (“Throughput-1 (bps), Priority 8",
fddi2_sink_total _bits_a[7] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps), Asynchronous”,
(fddi2_sink_total_bits - fddi2_sink_total_bits_a[8]) / op_sim_uime ());

/* (fddi2_sink_total bits_a[0] + fddi2_sink_total_bits_a[l] + */
/* fddi2_sink_total_bits_a[2] + fddi2_sink_total_bits_a[3] + */

/* fddi2_sink_total_bits_a[4] + fddi2_sink_total bits_a[5] + */

/* fddi2_sink_total_bits_a[6)] + fddi2_sink_total_bits_a[7]) / */

/* op_sim_time ()); */

op_stat_scalar_write (“Throughput-1 (bps), Synchronous”,
fddi2_sink_total_bits_a[8] / op_sim_time ());

op_stat_scalar_write (“Throughput-1 (bps), Total”,
fddi2_sink_total_bits / op_sim_time ());
op_stat_scalar_write (“Peak Ead-to-End Delay-1 (sec.), Priority 17,

fddi2_sink_peak_delay_a[0]);

op_stat_scalar_write (“Peak End-to-End Delay-! (sec.), Priority 27,
fddi2_sink_peak_d_lay_a[l));

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 3",
fddi2_sink_peak_declay_a{2]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 4",
fddi2_sink_peak_dclay_a[3));

op_stat_scalar_write (“Peak End-to-End Delay-1 (s¢c.), Priority 5",
fddi2_sink_peak_delay_a[4)).

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 6",
fddi2_sink_peak_delay_a[5]);
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op_stat_scalar_writc (“Peak End-to-End Delay-1 (sec.), Priority 7",
fddi2_sink_peak_delay_a[6));

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Priority 8",
fddi2_sink_peak_delay_a[71)

op_stat_scalar write (“Peak End-to-End Deiay-1 (sec.), Synchronous”,
fddi2_sink_peak_delay_ a8]);

op_stat_scalar_write (“Peak End-to-End Delay-1 (sec.), Overall”,
fddi2_sink_peak_delay);

/* Write the TTRT value for ring 0. This preserves*/

/* the old behavior for single-ring simulations.*/

op_stat_scalar_write (“TIRT (sec.) - Ring 17,
fddi_t_opr [1]);

/* 12JAN94: obtain offered load information from the Environment */

/* file; this will be used to provide abscissa information that */

/* can be plotted in the Analysis Editor (see “fddi_sink” STATS */

/* state. To the user: it’s your job to keep these current in */

/* the Environment File. -Nix */

op_ima_sim_attr_get (OPC_IMA_DOUBLE, “total_offered_load_1",
&Offered_Ioad);

op_ima_sim_attr_get (OPC_IMA_DOUBLE, “asynch_offercd_load_1",
&Asynch_Offered_Load),

/* 12JAN94: write the total offered load for this run */
op_stat_scalar_write (“Total Offered Load-1 (Mbps)”,
Offered_Load);

op_stat_scalar_write (“Asynchropous Offered Load-1 (Mbps)”,
Asynch_Offered_Load);

}
}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (3,sp_fddi_sink)
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J** state (STATS) exit executives **/
FSM_STATE_EX'T_UNFORCED (1, statel_exit_exec, “STATS™)

{
}

/** state (STATS) transition processing **/
FSM_TRANSIT_MISSING (“STATS")

/¥

*/

J** siate (INTT) enter executives **/
FSM_STATE_ENTER_FORCED (2, state2_enter_exec, “INIT")

{
/* get the gshandles of the global statistic to be obtained */
/* 20JANS4: set array format */

thru2_gshandle_a[0] = op_stat_giobal_reg (“pri 1 throughput-1 (bps}”);
thru2_gshandle a[i} = op_stat_giobal_reg (“pri 2 throughput-1 (bps)™);
thru2_gshandie_a[2] = op_stat_global_reg (“pri 3 thronghput-1 (bps)”);
thru2_gshandle_a[3] = op_stat_global_rcg (“pri 4 throughput-1 (bps)”);
thru2_gshandle_al4) = op_stat_global_reg (“pri 5 throughput-1 (bps)”);
thru2_gshandie_a[S) = op_stat_global_reg (“pri 6 throughput-1 (bps)”);
thru2_gshandle_a{€] = op_stat_global_reg (“pri 7 throughput-1 (bps)”);
thru2_gshandle_a[7] = op_stat_global_reg (“ori 8 throughput-1 (bps)™);
thru2_gshandle a[8] = op_stat_global_reg (“synch throughput-1 (bps)™);
thru2_gshandle_a[9] = op_stai_global_reg {“async throughput-1 (bps)”);
thru2_gshandle = op_stat_global_reg (“total throughput-1 (bps)™);

m2_delay_gshandle_a[0] = op_stat_global_reg (“pri 1 mean delay-1 (sec.)”);
m2_delay_gshandle_a[l] = op_stai_global_reg (“pri 2 mean delay-1 (sec.)”);
m2_delay_gshandle_a[2] = op_stat_global_reg (“pri 3 mear delay-1 (sec.)”);
m?2_delay_gshandle_s[3] = op_stat_global_reg (“pri 4 mean delay-1 (sec.)™);
m2_delay_gshandle_a[4) = op_stat_global_reg (“pri 5 mean delay-1 (sec.)”);
m2_delay_gshandle_a[5] = op_stat_global_reg (“pri 6 mean delay-1 (se..V");
m2_delay_gshandle_a{6] = op_stat_global_reg (“pri 7 mean delay-1 (sec.)");
m2_delay_gshandle_a{7} = op_stat_global_reg (“pri 8 mean delay-! (sec.)™):
m2_delay_gshandle_a|8] = op_stat_global_reg (“synch mean delay-1 (sec.)™);
m2_delay_gshandle a[9] =op_stat_glebal reg (“async mean delay-1 (sec.)™);
m2_delay_gshandle = op_stat_global_reg (“total mean dzlay-1 (sec.) ')

¢ie2_delay_gshandle_a[0] = op_stat_global_reg (“pri 1 end-to-end delay-1 (sec.)™);
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etcZ_delay_gshandle_a[1] = op_stat_global_reg ("pri 2 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle_a[2] = op_stat_global_reg (“pri 3 enc-to-end delay-1 (sec.)™)
ete2_delay_gshandle_a[3] = op_stat_global reg (“pri 4 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle_a[4] = op_stat_global_reg (“'pri 5 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle_a[5] = op_stat_global_reg (“'pri 6 end-ro-end delay-1 (sec.)”);
ete2_delay_gshandle_a[6] = op_stat_global_reg (“pri 7 end-to-end delay-1 (sec.)™);
ete2_delay_gshandle_a[7] = op_stat_global_reg (“pri 8 end-to-end delay-1 (sec.)”);
ete2_delay_gshandle_a[8] = op_stat_global_reg (“synch end-to-end delay-1
(sec.)”);
ete2_delay_gshandle = op_stat_global_reg (“total end-to-end delay-1 (sec.)™);

t2_gshandle_al0) = op_stat_global_reg (“pri 1 CL throughput (bps)”);
t2_gshandle_a[1] = op_stat_global_reg (“pri 2 CL throughput (bps)”);
t2_gshandle_a[2] = op_stat_global_reg (“pri 3 CL throughput (bps)”),
t2_gshandle_a{3] = op_stat_global_reg (“pri 4 CL throughput (bps)™);
t2_gshandle_a[4] = op_stat_global_reg (“pri 5 CL throughput (bps)”);
12_gshandle_a[5] = op_stat_global_reg (“‘pri 6 CL throughput (bps)”);
t2_gshandle_a[6] = op_stat_global_reg (“‘pri 7 CL throughput (bps)™);
t2_gshandle_a[7] = op_stat_global_reg (“‘pri 8 CL throughput (bps)™);
t2_gshandle_a[8] = op_stat_global_reg (“synch CL throughput (bps)”),
t2_gshandle_a[9] = op_stat_global_reg (“‘async CL throughput (bps)”);
t2_gshandle = op_stat_global_reg (“total CL throughput (bps)”);

/** state (INIT) exit executives **/

FSM_STATE_EXIT FORCED (2, state2_exit_exec, “INIT”)
{
}

/** state (INIT) transition processing **/
FSM_INIT_COND (END_OF_SIM)
FSM_DFLT_COND
FSM_TEST_LOGIC (“INIT")

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (0, 1, state}_enter_exec, ;)
FSM_CASE_TRANSIT (1, 0, state0Q_enter_exec, ;)
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/* */

FSM_EXIT (2,sp_fudi_sink)
}

void

sp_fddi_sink_svar (prs_ptr,var_name,var_p_ptr)
sp_fddi_sink_state*prs_ptr,
char *var_name, **var_p_pir;
{

FIN (sp_fddi_sink_svar (prs_ptr))

*var_p_pir = VOS_NIL,;
if (Vos_String_Equal (“thru2_gskandle” , var_name))
*var_p_ptr = (char *) (&prs_pu->sv_thru2_gshandle);
if (Vos_String Equal (“m2_delay_gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_m2_delay_gshandle);
if (Vos_String_Equal (“ete2_delay_gshandle” , var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_ete2_delay_gshandle);
if (Vos_String_Equal (“thru2_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_thru2_gshandle_a);
if (Vos_String Equal (“m2_delay_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_m?2_delay_gshandle_a);
if (Vos_String Equal (“ete2_delay_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_cte2_delay_gshandle a);
if (Vos_String_Equal (“t2_gshandle” , var_name))
*var_p_ptr = (Char *) (&prs_putr->sv_t2_gshandle);
if (Vos_String_Equal (“t2_gshandle_a” , var_name))
*var_p_ptr = (char *) (prs_ptr->sv_t2_gshandle_a);
if (Vos_String Equal (*my_id”, var_name))
*var_p_ptr = (char *) (&prs_ptr->sv_my_id);

FOUT,
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void

sp_fddi_sink diag ()
{
double delay, creat_time;
Packet* pkptr;

Packet* pPpp_pkptr;
Packet* pkptrl ; /*SAPRO4*/

int src_addr, my_addr;

int dest_addr;/*14APR94*/
Ici* from_mac_ici_ptr;

double fudi_sink_ttrt;

char pk_format{10];

int input_stream;

int fd_index, FODI_frame_size;

FIN (sp_fddi_sink_diag ())

FOUT.

void

sp_fddi_sink_terminate ()
{
double delay, creat_time;
Packet* pkptr;

Packet* PPp_pkptr;
Packet* pkptr1 ; /*SAPR94*/

int src_addr, my_addr;

int dest_addr./* 14APRS4*/

Ici* from_mac_ici_pr;

double fddi_sink_ttrt;

char pk_formar[10];

int input_stream,

int fd_index, FDDI_frame_size;
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FIN (sp_fddi_sink_terminate ())

FOUT,

Compcode

sp_fddi_sink_init (pr_state_pptr)
sp_fddi_sink_state**pr_state_pptr;
{
static VosT_Cm_Obtypeottype = OPC_NIL;

FIN (sp_fddi_sink_init (pr_state_pptr))

if (obtvpe == OPC_NIL)
{
if (Vos_Catmem_Register (“‘proc state vars (sp_fddi_sink)”,
sizeof (sp_fddi_sink_state), Vos_Nop, &obtype) == VOSC_FAILURE)
FRET (OPC_COMPCODE_FAIL.URE)
}

if ((*pr_state_pptr = (sp_fddi_sink_state*) Vos_Catmem_Alloc (obtype, 1)) == OPC_NIL)
FRET (OPC_COMPCODE_FAILURE)
else
{
(*pr_state_pptr)->current_block = 4,
FRET (OPC_COMPCODE_SUCCESS)
}
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APPENDIX M

TCP RING 1 MAC MODULE CODE
“sp_fddi_mac_tcp.pr.c”

Unchanged portiors of this code have been deleted for brevity.

/* Process model C form file: sp_fddi_mac_tcp.pr.c */
/* Portions of this file Copyright (C) MIL. 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#include “sp_fddi_mac_tcp.pr.h”
FSM_EXT_DECS

/* Header block */

/* Define a timer Suuciure used to implement */

/* the TRT and THT timers. The primitives defined to */
/* operate on thesc timers can be found in the */

/* function block of this process model. */

typedef struct
{
int enabled;
double start_time;
double accum,;
double target_accum,

} FddiT_Timer;

/* Declare certain primitives dealing with timer.s */

double fddi_timer_remaining ();
FddiT_Timer* fddi_timer_create ();
double fddi_tinser_vatue (),

/* Scratch strings for trace staternents */
char str0 [512], strl [512];
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/* define constants particular to this implementation */
#define FDDI_MAX_STATIONS 512

/* define possible values for the frame couwol field */
#define FDDI_FC_FRAME 0
#define FDDI_FC_TOKEN 1

/* define possible service classes for frames */
#define FDDI_SVC_ASYNC 0
#define FDDI_SVC_SYNC 1

/* define input stream indices */
#define FDDI_LLC_STRM_IN
#idefine ¥YDDI_PHY_STRM_IN 0

—

/* define output stream indices */
#define FDDI_LLC_STRM_OUT
#define FDDI_PHY_STRM_OUT 0

—

/* define token classes */
#define FDDI_TK_NONRESTRICTED 0
#define FODI_TK_RESTRICTED 1

/* Ring Constants */
#define FDDI_TX_RATE 1.0e+08
#define FDDI_SA_SCAN_TIME 28.0e-08

/* Token transmission time: based on 6 symbols plus 16 symbols of preamble */
#define FDDIC_TOKEN_TX_TuJE  88.0e-08

/* Cedes used 1o differeatiatc remoic intermupts */
#dcfine FDDIC_TRT_EXPIRE 0
#define FDDIC_TK_INJECT |

/* Define symbolic expressions used on transition */
/* conditiops and in executive statements. */
#define TRT_EXPIRE \
(op_intrpt_type () == OPC_INTRPT_REMOTE && op_inupt_code () ==
FDDIC_TRT_EXPIRE)
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#define TK_RECEIVEIA
phy_arrival &&\
frame_control == FDDI_FC_TOKEN

#define RC_FRAME \
phy_amrival &&\
frame_control = FDDI_FC_FRAME

#define FRAME_ARRIVAL\
op_intpt_type () == OPC_INTRIT_STRM &&\
op_intrpt_strm () == FDDI_L1C_STRM_IN

#define STRIPmy_address == src_addr

/* Define the maximum value for ring_id. This is the*/
/* maximum numbes of FDDI rings that can exist in a*/
/* simulation. Note that if this oumber is changed,*/

/¥ the initialization for fddi_claim_start below must*/
/* also be modified accordingly.*/

#define FDDI_ MAX_RING_ID 8

/* Declare the operative TTRT vawme ‘T_Opr’ which is the final*/
/* negotiated value of TTPT. This value is shared by all stations*/
/* on a ring so that all agree on its value.*/

double fddi_t_opr [FDDI_MAX RING_ID];

#define Fddi_T _Opr (fddi_t_opr [ring_id])

/* This flag indicates that the negotiation for the final TTRT*/
/* has not yet begun. It is statically initialized here, and*/

/* is reset by the first station which modifies T_Opr.*/

/* Iuitialize to 1 for all rings.*/

static
i fddi_claim_start [FDDI_MAX_RING_ID] = {1,1,1,1,1,1,1,1};
#tdefine Fddi_Claim_Stari(fddi_claiin_start [ring_id])

/* Declare station latency parameters. */

/* These are true globals, so they ¢o not ness' 10 be arrays, */
double Fddi_St_L stency;

double Fddi_Prop_Delay;

/* Declare globals for Token Acceleration Mechanism. */

/* Hon delay and token accaleration ace true globalg ¥/

227




double Fddi_Tk_Hop Delay;
static
int Fddi_Tk_Accelerate = 1,

/* These are actunlly values shared by all nodes on a ring,*/

/* so they must be Jefiued as arrays.*/

double fddi_tk_block_base_time [FDDI_MAX_RING_ID];

#define Fddi_Tk_Block_Base_Time(fddi_tk_block base_time [ring id])

int fddi_tk_block_base_station [FDDI_MAX_RING_ID];
#defirz Fddi_Tk_Block_Base_Station(fddi_tk_block base_station [ring id])

int fddi_tk_blocked [FDDI_MAX_RING_ID];
#define Fddi_Tk_Blocked(fddi_tk_blocked [ring id])

int fddi_num_stations [FDDI_MAX_ RING_ID];
#idefine Fddi_Num_Stations(fddi_num_stations [ring_id])

int fddi_num_registered [FDDI_MAX_RING_ID];
#define Fddi_Num_Regisiered’tddi_mim_regisicred [ring_id])

Cbjid  fddi_address_table [FDDI_MAX_RING_ID][FDDI_MAX_STATIONS];
#tdefine Fddi_Address_Table(fddi_address_table [ring_id])

/* Below is part of the OPBUG 2081 patch; FB ended here, betore. -Nix */

/* Event handles for the TRT are maintained at a global level to */

/* allow token acceleration mechanism to adjust these as necessary */

/* when blocking and reinjecting the token. TRT_handle simply */

/* represents the TRT for the local MAC*/

Evhandlefddi_tt_handle [FDDI_MAX_RING_ID][FDDI_MAX_STATIONS];
#define Fddi_Trt_Hand!e{fddi_tri_handle {ring_id])

#define TRT _handle  Fddi_Trt_Handle [my_address]

/* Similarly, the TRT data structure is maintained on a global level. */
FddiT_Timer*fddi_tt [FODI_MAX_RING_ID] [FDDI_MAX_STATIONS],
#define Fddi_Tn (fddi_tnt [ring_id))

#define TRT Fddi_Tn [my_address]

/* Registers to record the expiration time of each TRT when token is blocked. */
double fddi_ut_exp_time [FDDI_MAX RING_ID] [FDDI_MAX_STATIONS];
#define Fddi_Trt_Exp_Time(fddi_trt_exp_time [ring_id])
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/* the ‘Late_Ct’ flag is declared on a global level so that it can be */

/* set at the tim ewhere the token is injected back into the ring. */

int fddi_late_ct [FDDI_MAX_RING_ID] [FDDI_MAX_STATIONS];
#define Fddi_Late_Ct (fddi_late_ct [ring_id])

#define Late Ct Fddi_Late_Ct [my_address]

/* Convenient macro for setting TRT for a given station and absolute time. */

#define TRT_SET(station_id,abs_time)\

fddi_timer_set (Fddi_Trt [station_id], abs_time - op_sim_time());\

Fddi_Trt_Handle [station_id] = op_intrpt_schedule_remote (abs_time\
FDDIC_TRT_EXPIRE, Fddi_Address_Table [station_id]);

/* State variable definitions */
typedef struct
{
FSM_SYS_STATE
int sv_ring id,
FddiT_Timer* sv_TET:
double sv_T_Req;
double sv_T_Pri [8];

Objid sv_my_objid;

int sv_spawn_token,
int sv_my_address;
int sv_orig src_addr;
Packet* sv_tk_pkprr,
double sv_sync_bandwidth;
doubtle Sv_sync_pc,

int sv_restricted,;

int sv_res_peer,

int sv_tk_registered;
Ici* sv_to_lic_ici_ptr;
int sv_tk_itace on;

} sp_fddi_mac_tcp_state,

#define pr_state_ptr ((sp_fddi_mac_tcp _state*) Sizal_Mod_State_Ptr)
itdefine ring_id pr_state_ptr->sv_ring id
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#define THT

#define T_Req
#define T_Pri

#define my_objid
#define spawn_token
#define my_address
#define orig src_addr
#define tk_pkptr
#define sync_bandwidth
#define sync_pc
#define restricted
#define res_peer
#define tk_registered
t#:define to_llc_ici_ptr
#define tk_trace_on

pr_state_ptr->sv_THT
pr_state_pu->sv_T_Req
pr_state_pu->sv_T Pri
pr_state_ptr->sv_my_objid
pr_state_ptr->sv_spawn_token
pr_state_ptr->sv_my_address
pr_state_ptr->sv_orig_src_addr
pr_state_pwr->sv_tk_pkptr
pr_state_ptr->sv_sync_bandwidth
pr_state_ptr->sv_sync_pc
pr_state_ptr->sv_restricied
pr_stae_ptr->sv_res_peer
pr_state_ptr->sv_tk registered
pr_state_pu->sv_to_llc_ici_pir
pr_state_ptr->sv_tk_trace_on

/* Process model interrupt handling procedure */

void
sp_fddi_mac_tcp O
{

/* Packets and ICI's */

Packet* mac_frame_ptr;

Packet* pdu_ptr;

Packet* pkptr;

Packet* data_pkptr;
Ici* ici_ptr,

/* Packet Fields and Attributes */

int req_pri, svc_class, req_tk_class;
int frame_control, src_addr, de* addr;
int pk_len, pri_level;

/* Token - Related */

m tk_usable, res_station, tk_class;
int current_tk_class;
double accum_sync;
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/* Timer - Related */
double tx_time, timer_remaining, accur_bandwidth;,
double tht_value;

/* Miscellaneous */

nt 1,

int spawn_station, phy_arrival,

chaar error_string [512];

int num_frames_sent, num_bits_sent;

/* 26DEC93: loop management variables, used in RCV_TK */
/* and ENCAP states, -Nix */

int NUM_PRIOS;

int punt;

int q_check;

/**********#*************t***t**************************/

/* 11SEP94: added creation_time */
double creation_time;

FSM_ENTER (sp_fddi_mac_tcp)

FSM_BLOCK_SWITCH
{
[¥=-- */
/** state (INIT) enter executives **/
FSM_STATE_ENTER_FORCED (0, stateD_enter_ex: ¢, “INIT™)
{
/* Obtain the station’s address . This is an attribute */
/* of this process. Addressing is simplified by */
/* simply using integers, and only one mode. */
/* This mode is 16 bit addressing unless the */
/* packet format ‘fddi_mac_fr’ is modified. */
my_objid = op_id_self(}; /* 29DEC93 */
op_ima_obj_attr_get (my_objid, “'station_address”, &my_address);

/* Register the station's object id in a global table. */

/* This table is used by the mechanism which improves */
/* simulation efficiency by ‘jumping over' idle periods */
/* rather than circulating an unusable token. */
fddi_station_register (my_address, my_objid);
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/* Obtain the station latency for tokens and frames. */

/* Default value is set at 100 nanoseconds. */

Fddi_St_Latency = 100.0e-09;

op_ima_sim_attr_get (CPC_IMA_DOUBLE, “station_latency”,
&Fddi_St_Latency);

/* Obtaia the propagation delay separating stations. */

/* This value is given in seconds with defauit value 3,3 microsecunds. */
Fddi_Prop_Delay = 3.3e-06;

op_ima_sim_atur_get (OPC_IMA_DOUBLE, “prop_delay”, &Fddi_Prop_Delay);

/* Derive the Delay for a ‘hop’ of a freely citculating packet. */
Fddi_Tk_Hop_Delay = Fddi_Prop_Delay + Fddi_St_Latency;

/* The T_2ri [] state variable array supports priority */

/* assignments on 4 station by station basis by */

/* establishing a correspondence between integer priority */

/* levels assigned to frames and the maximum values of the */

/* token holding timer (THT) which would allow packets to be */
/* sent. Eight levels are supported here, but this can easily */

/* be changed by redimensioning the priority array. */

/* By default all levels are identical here, allowing */

/* any frame to make use of the token, so that in fact */

/* priority levels are not used in the default case. */

/* 01JAN94: (8-i) is a quick antempt to impart different weighting */
/* scales on each priority level, and is not necessarily realistic.-Nix */
/* Be aware of integer-double arithmetic conflicts ie, 1/8 = 0. -Nix */

op_ima_obj_attr_get(my_objid, “T_Req”, &T_Req);
for(i=0;i<5;i++)
{
T_Prili] = ((double)(i + 1.0)/8.0) * Fddi_T_Opr;
/* printf(“MAC INIT: T_Pri{%d] is %If; %/
/* Fddi_T_Opr is %If\n", i, T_Pri[i], Fddi_T_Opr). */
}

/¥ Create the token holding timer (THT) used to restrict the */
/* asynchronous bandwidth consumption of the station */
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THT = fddi_timer_create ();

/* Create the token rotation timer (TRT) used to measure the */
/* rotations of the token, detect late tokens and initialize */

/* the THT timer before asynchronous tranmsmissions. */
TRT = fddi_timer_create ();

/* Set the TRT timer to expire in one TTRT */
TRT_SET (my_address, op_sim_time () + Fddi_T_Opr);

/* Initialize the Late_Ct variable which keeps track. */
/* of the number of TRT expirations. */
Late Ct=0;

/* initially the ring operates in nonrestricted mode */
restricted = 0;

/* Create an Interface Control Inforraation structure */
/* to use when delivering received frames to the LLC. */
JERRRRRk ok Rk R OR R AAOR R AR KRRk Kk KR AR KRR Kok

/*11SEP94: changed 10 new format, adding pri and cr_time**/
JRERRR R R AR R ok KRR R R o Rk KRR KR

to_llc_ici_ptr = op_ici_create (“fddi_mac_ind_tcp™),

/* The ‘tk_registered’ variable indicates if the station */
/* has registered its intent to use the token. */
tk_registered = 0,

/* Determine if the model is to make use of the token */

/* ‘acceleration’ mechanism. If not, every passing of the */

/* token will be explicityly modeied, leading to large */

/* number of events being scheduled when the ring is idle */

/* (i.e, no stations huve data to send). */

op_ima_sim_attr_get (OPC_IMA_INTEGER, “accelerate_token",
&Fddi_Tk_Accelerate);

/* Obtain the synchronous bandwidth assigned */

/* to this station. It is expressed as a */

/* percentage of TTRT, and then coaverted to secoads */
op_ima_obj_attr_get (my_objid, “sync bandwidth”, &sync_pc);
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sync_bandwidth = sync_pc * Fddi_T_Opr;

/* Only one station in the ring is selected to */
/* introducc the first token. Test if this station is it. */
/* If so, set the ‘spawn_token’ flag. */
/*op_ima_sim_attr_get (OPC_IMA_INTEGER, ‘“‘spawn station”,
&spawn_station); */
/* spawn_token = (spawn_station == my_address); */
/* If the station is 19 spawn the token, create */
/* the packet which represents the token. */
/* 14APR94 :the bridges will spawn token in both rings */
/* -Karayakaylar */
spawn_token =1;
if (spawn_token)
{
tk_pkptr = op_pk_create_fmt (“fddi_mac_tk"),

/* assign its frame control field */
op_pk_nfd_set (tk_pkptr, “fc”, FDDI_FC_TOKEN);

/* the first token issued is non-restricted */
op_pk_nfd_set (tk_pkptr, “ciass”, FDDI_TK_NONRESTRICTED);

/* The transition will be made into the ISSU_TK */
/* state where the tk_usable variable is used. */

/* In case any data has been generated, prse; */

/* this variable to one. */

tk_usable = 1;

}

/* When sending packets the variable accum_bandwidth is */
/* used as a scheduling base. Init this value 10 zero. */

/* This statement is required in case this is the spawning */
/* station, and the next state entered is ISSUE_TK */
accum_bandwidth = 0.0;
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/** state (INIT) exit executives **/
FSM_STATE_EXIT_FORCED (0, state0_exit_exec, “INIT”)
{
}

/** state (INTT) transition processing **/
FSM_INIT_COND (spaws_token)
FSM_DFLT_COND
FSM_TEST_LOGIC (“INIT")

FSM_TRANSIT_SWITCH
{
FSM_CASE_TRANSIT (9, 2, state2_enter_exec, ;)
FSM_CASE_TRANSIT (1, 1, state ]_enter_exec, ;)
}

™ : */

/** state (FR_REPEAT) enter executives *x/
FSM_STATE_ENTER_FORCED (6, state6_enter_exec, “FR_REPEAT”)
{
/* Exiract the destination address of the frame, */
op_pk_nfd_get (pkptr, “dest_add;”, &dest_addr);

/* If the frame is for this station, make a copy */
/* of the frame’s data field and forward it ic */
/* the higher layer. */
/* 14APR%4 : In order to send the frames which are */
/* addressed to the remote lan, check the address database */
/* of remiote lan. Frames addressed to the remote lan shouldn't */
/* be repeated in the local ring - This is a simple forwarding */
/* decision algorithm, one of the bridge’s function */
/* - Karayakaylar */
if((dest_addr == my_eddress)li(dest_addr <= 9))
{
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/* record total size of the frame (including data) */
pk_len = op_pk_total_size_get (pkptr),

/* decapsulate the data contents of the frame */
/* 20JANO4: a new field, “pri”, has been added to */
/* the fddi_lc_fr packet format in the Parameters */
/* Editor, so that output statistics can be */
/* generated by class and priority, -Nix */
op_pk_nfd_get (pkptr, “info”, &data_pkptr),
op_pk_nfd_get (pkptr, “pri”’, &pri_level);

/* The source and destination address are placed in the */
/* LLC’s ICI before delivering the frame’s contents. */
op_ici_attr_set (to_llc_ici_ptr, “src_addr”, src_addr),
op_ici_attr_set (to_llc_ici_ptr, “dest_addr”, dest_addr);
SRR RO ORI R RO KRR R OK R AOR R R KRR R |
/*¥11SEP94: added pri and cr_time to fddi_mac_ind ici***/
/* both are needed for data collection***/
[ A A A AR R R R IR R R AR R oK |
op_ici_attr_set (to_llc_ici_ptr, “pri”, pri_level);
op_pk_nfd_get (pkptr, “cr_time”, &creation_time),
op_ici_attr_set (to_llc_ici_ptr, “cr_time”, creation_time),

op_ici_snstall (to_llc_ici_ptr);

/* Because, as noted in the FR_RCYV state, only the */

/* frame’s leading edge has arrived at this time, the. */

/* complete frame can only be delivered to the higher */

/* layer after the frame’s transmission delay bas elapsed. */

/* (since decapsulation of the frame data contents has occure:., */

/* the original MAC frame jength is used to calculate delay) */
tx_time = (double) pk_len / FDDI_TX_RATE;

op_pk_send_delayed (data_pkptr, FDDI_LLC_STRM_OUT, tx_time);

/* Note that the standard specifies that the original */

/* frame should be passed along until the originating station */

/* receives it, at which point it is stripped from the ring. */

/* However, in the simulation medel, there is no interest */

/* in letting the frame continue past its destination unless */

/* group addresses are used, so that the same frame could be */

/* destined for several stations. Here the frame is stripped */

/* for efficiency as it reaches the destination; if the model */

/* is modified to include group addresses. this shouid be changed */
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/* so that the frame is copied and the original repeated. */
/* Logic is already present for stripping the frame at the origin. */
op_pk_destroy {pkptr);
}
/* 14APR94 : the frames beiong to this ring should be repeated. */
/* Thus, local traffic is constrained.-- This is filtering decision */
/* One of the bridge’s function - Xarayakaylar */
elsef
/* Repeat the original frame on the ring and account for */
/* the latency through the station and the propagation delay */
/* for a single hop. * /
/* (Only the originating station can strip the frame). */
op_pk_send_delayed (pkptr, FDDI_PHY_STRM_OUT,
Fddi_St_Latency + Fddi_Prop_Delay);
}
}

/** state (FR_REPEAT) exit executives **/
FSM_STATE_EXIT_FORCED (6, state6_exit_exec, “FR_REPEAT™)
{
}

/** state (FR_REPEAT) wansition processing **/
FSM_TRANSIT _FORCE (1, statel_enter_exec, ;)
/* , */

/** state (ENCAP) enter executives **/
FSM_STATE_ENTER_FORCED (8, state8_enter_exec, “ENCAP"")
{
/* A frame has arrived from a higher layer; place it in ‘pdu_ptr’. */
pdu_ptr = op_pk_get (op_intrpt_strm ()).

/* Also get the interface control information */
/* associated with the new frame. */
ici_ptr = op_intrpt_ici ()
if (ici_ptr == OPC_NIL)
{
sprinif (error_string, “‘Simulation aborted; error in object (%d)”,
op_id_self (),

237




op_sim_end (error_string, “fddi_mac: required ICI not received™, ** ", *“ *);

}

/* Extract the requested service class */

/* (e.g, synchronous or asynchronous). */

if (op_ici_aur_exists (ici_ptr, “svc_class™))
op_ici_attr_get (ici_ptr, “svc_class”, &sve_class),

else svc_class = FDDI_SVC_ASYNC;

/* Extract the destination address. */
op_ici_attr_get (ici_ptr, “dest_addr”, &dest_addr),

/* Extract the original source address from ICI :16APR94 */
op_ici_attr_get (ici_ptr, “‘src_addr”, &orig_src_addr);

/* Xf the frame is asynchronous, ke priority and */
/* requested token class parameter may be specified. */
if (svc_class == FDDI_SVC_ASYNC)

{

/* Extract the requested priority level. */

if (op_ici_attr_exists (ici_ptr, “pri”))

op_ici_attr get (ici_ptr, “pri”, &req pri);
else req pri =G,

/* Extract the token class (restrictred or non-restricted). */

if (op_ici_attr_exists (ici_ptr, “tk_class”))
op_ici_attr_get (ici_ptr, “tk_class”, &req_tk_class);

else req_tk_class = FDDI_TK_NONRESTRICTED;

}

/* Check for the default 1CI values; if they are not preserit */
/* compose the. frame :21APR94*/
if(dest_addr != orig_src_addr){

/* Compose a mac frame from all these elements. */
/*##*********************************#*t*ttt#**t#**t*#***#*#*tlt,‘

/* 11SEP94: mac frame format is changed to fddi_mac_fr_tcp***/
/*l’**i-‘****l‘#***********#*t***************#**t**t#*t**********t**l
mac_frame_ptr = op_pk_create_fmt (“‘fddi_tnac_fr_tcp”);

op_p«_ufd_set (mac_frame_ptr, “svc_class”, sv¢_class);

op._pk_nfd_set (mac_frame ptr, “dest_addr”, dest_addr);

/*op_pk_nfd_set (mac_frame ptr, “src_addr”, my_address);*/
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/* here original source address should be kept in mac frame :16APR94*/
op_px_nfd_set (mac_frame_ptr, “sr~_addr”, orig_src_addr);
op_pk_nfd_set {mac_frame_ptr, “info”, pdu_ptr);

/*****#*#********************************************#**********/

/* 11SEP94: cr_time is added to the MAC frame (Obits) because it*/

[* is needed for calculations, but taken out of the LLC frame */
/***************************************************************/
op_ici_attr_get (ici_ptr, “cr_time”, &creation_time);

op_pk_nfd_set (mac_frame_ptr, “‘cr_time”, creation_time);

printf(‘\n*#¥*****dest addr = %5d\n” dest_addr);
printf(*“*******¥*orig scc_addr= %5d\n”,orig_src_addr);

if (svc_class == FDDI_SVC_ASYNC)
{
op_pk_ufd_set (mac_frame_ptr, “tk_class”, req_tk_class);
op_pk_nfd_set (mac_frame_ptr, “pri”, req_pri);
}

/* O4JAN%4: if the frame is synchronous, assigu it a separate */
[* priority so that it may be assigned its own subqueue, and */
[* thereby be assigned its own probe for monitoring. -Nix */
if (svc_class == FDDI_SVC_SYNC)

{

op_pk_nfd_set (mac_frame_ptr, “pri”, 8);

}

/* Assign the frame control field, which in the model */

/* is used to distinguish between tokens and ordinary */

/* frames on the ring. */

op_pk_nfd_set (inac_frame_ptr, “fc”, FDDI_FC_FRAME);

/* Enqueue the frame at the tail of the queue. */
/* 27DEC93: at the tail of the prioritized queue. */
/* 04JAN%4. must distinguish between synch & asynch. */
if (svc_class == FDDI_SVC_ASYNC)
d
op_subq_pk_inseri (req_pri, mac_frame_ptr, OPC_QPOS_TAIL);
}
if (svc_class == FDDI_SVC_SYNC)
{
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op_subq_pk_insert (8, mac_frame_ptr, OPC_QPOS_TAIL),
}

/* if this station has not yet registesed its intent to */
/* use the token, it may do so now since it has data to send */
if (1tk_registered)

{

fddi_tk_register ();

tk_registered = 1;

}

} /* end of if(dest_addr != orig_src_addr) statement */

/** state (ENCAP) exit executives **/
FSM_STATE_EXIT_FORCED (8, state8_exit_exec, “ENCAP")
{
}

/** state (ENCAP) transition processing **/
FSM_TRANSIT_FORCE (1, statel_enter_exec, ;)
/* raes r-omes */
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